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1. Introduction

It has been over 20 years since it was first proposed that
the major sources of poly-chlorinated dibenzadioxins and
polychlorinated dibenzofuran@CDD/F or “dioxins” for
shorh) and many other chlorinated hydrocarbons are combus-
tion and thermal process&s. Formation of PCDD/F and
related compounds in combustion systems have been attrib-
uted to so-calledde novo synthesis from particulate
carbofi~12 and formation from chlorinated aromatic precur-
sors such as 2,4,6-trichloropheridt!’

Both gas-phase and surface-mediated formation pathways
may exist:’~*° Publication of a gas-phase kinetic model for
the formation of PCDD from chlorinated phenols, which
suggested that gas-phase pathways were too slow to be im-
portant sources of PCDD/F, resulted in greater attention to
the surface-mediated pathways from researchers active in the
field (Shaub and Tsa’§). However, more recent studies of
gas-phase formation suggest that PCDD/F can be rapidly
formed via several different gas-phase pathways involving
phenoxy radicald’?1-23

Although the original kinetic model has been re-evaluated
several times in the literature, no substantive improvements
have been attemptéd?*?> Neither newly proposed path-
ways nor thermochemistry were incorporated into the mod-
els.

In this paper, we report the calculations of the thermody-
namic properties of 31 chlorinated molecules and radicals
that we have incorporated into an expanded model of purely
gas phase PCDD formation from chlorinated phenols
(Khachatryanet al%% that incorporates the results of more
recent experimental and mechanistic studfeé? (See Table
2.) The species, names, and chemical formulas are listed be-
low. The structure of each model is given in Fig. 1.
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0 o-
“ CE ci OH cl Cl
Cli Ci (o] Cl Cl Cl
3 Cl 4
3,4-dichlorocyclo- 1,3,4-trichlorocyclo-  1-hydroxy-1,3,4-trichloro 2,4,6-Trichlorophenoxy
pentadien-1-one pentadiene -1-yl + cyclopentadiene Radical
OH 0. 9 OH
Cl
ol ol c © C cl
i
& ci a Cl
6 7 8
2,4,6-Trichlorophenol-5-yl 2,4,6-Trichlorophenol
o- 0 0
: | al Ci Cl
10 11 12

2,5-cyclohexadien, 2,4-cyclohexadiene
2-chloro,1-one,4-yl 6 -chloro,1-one,2-yl

-hydroxy,2 4 6-trichloro
3,5-cyclohexadiene,1-one

OH OH o
Cl 13

14 15

o-Chlorophenoxy Radical

2,4-Dichlorophenol 0-Chlorophenol 2,4-cyclohexadien,1-one,2-yl

Fic. 1. Structure of compounds calculated in this article. H atoms are not shown.
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Cl I Q cl I I Cl
cl (0] Cl 0]
Cl Ci Cl
16 17
2.3.6.7 - Tetrachlorodibenzofuran 2,4,6,8 -Tetrachlorodibenzofuran
Cl
Cl O Cl Ci O
Ci O Cl (@] Cl
18 Cl 19
2,3,7,8-Tetrachlorodibenzo-p-dioxin 1,3,6,8 Tetrachlorodibenzo-p-dioxin
Ci Ct
Ci O OH CI O
(0] Cl . Cl
O ¢
Cl 20 Cl 21

1,3,6,8 Tetrachlorodibenzo-p-dioxin-2-ol

0] Cl
Cl o
Cl
Cl
Cl
Cl 27

2,4-Dichlorophenoxy-1',3',5'-trichlorophenyl-
6-2' Ether Radical

Cl Cl

OH
O O ’

Cl Cl

OH
Cl

23
2,4,6-2'4' 6'-Hexachloro-biphenyl-3,3'-diol

Fic. 1. (Continued)
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OH Cl
Cl O: f Cl 0. :I:
; (0] Cl % ~ 0 Cl
Cl 24 Cl 25

2,4,7-Trichlorodibenzo-p-dioxin-9-ol 2,4-Dichlorophenoxy-1',3'-Dichlorophenyl
6,6'-Ether Radical

cl OH ¢l
Cl 0: >j ) cl o: f :OH
; 0 Cl ; :o NS
Ci 26 cl 27

1,3-dichloro-1-0l-2-yl-3,5-hexadiene- 1,3-dichloro-2-0l-3-yl-1,4,hexadiene-p-Dioxin-
p-Dioxin-6-8-dichlorobenzen Radical 6,8-dichlorobenzene
OH Cl Cl
Cl O: \l/ Cl 0. \J:
Cl Cl % ~ OH Cl
cl 28 Cl 29
2,4-dichlorophenol-1',3',5'-trichlorophenyl 2,4-Dichlorophenoxy-1',5'-Dichlorophenyl
-6-6'-ether 6,2'-Ether
O : :o: :
(0)
30 31
Dibenzofuran Dibenzo-p-dioxin

Fic. 1. (Continued)
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. GH,Cl,0

. ‘C5H2C|3

. CsH5Cl50

. CsH,Cl,0-

. ‘C6HC|30H
C5H2C|303‘

. C6H2C|303'
. CsH5Cl;0

. CsH5Cl50,
10. GsH,ClO-
11. 'C6H4C|O
12. -C¢H,CIO
13. GH,Cl,0
14. GHsCIO
15. -CgHsO

16. C,,H,OCl,
17. C,H,OCl,
18. C,H,0,Cl,
19. C,H,0,Cl,
20. C,H,Cl,04

©CONOUTAWN R

21 C_|_2H4C|502'

22. C,H,Cls0,

23. C,H4Cls0,
24. C,H5Cl;05

25 QZH5C|402'
26 QZH5C|403'

27 ‘Cle5C|403

28. C,HsCls0,
29. C,,HCl,0,
30. C,,HgO
31. C,Hg0,

Every available relevant experimental parameter such as

BURCAT, KHACHATRYAN, AND DELLINGER

or CgHCI;0H—C4HCI;0H

3,4-dichloro-2,4-cyclopentadiene-1-one
trichloro-1,3,4-cyclopentadienyl radical
1-hydroxy-1,3,4-trichlorocyclopentadiene

2,4,6-trichlorophenoxy radicdP-)

2,4,6-trichlorophenol-3-yl radical
2,4,6-trichlorobicyclo-2,5-hexadiene-1,4-peroxy-1-phenoxy radical
2,4,6-trichlorobicyclo-2-hexene-1-one-4,6-peroxy-5-yl radical
2,4,6-trichloropheno(P)
2-hydroxy-2,4,6-trichloro-3,5-cyclohexadiene-1-one
o-chlorophenoxy radical

2,5-cyclohexadiene-2-chloro-1-one-4-yl
2,4-cyclohexadiene-6-chloro-1-one-2-yl radical
2,4-dichlorophenol

o-chlorophenol

2,4-cyclohexadiene-1-one-2-yl radical
2,3,6,7-tetrachlorodibenzofuran

2,4,6,8-tetrachlorodibenzofuran

2,3,7,8-tetrachlorodibenzo-dioxin

1,3,6,8-tetrachlorodibenzo-dioxin
1,3,6,8-tetrachlorodibenzo-dioxin-2-ol

2,4-dichlorophenoxy-1,3',5’ -trichlorophenyl-6-6 ether radicalPD-)
2,4,6-trichlorocyclohexa-3,5-diene-1-oné:d ,5' -trichloro-phenyl-2-6
-ether(PP

2,4,6,2,4' ,6'-hexachloro-biphenyl-3;3diol
2,4,7-trichlorodibenzg-dioxin-9-ol

2,4-dichlorophenoxy-1,3’ dichlorophenyl 6-6-ether radical
1,3-dichloro-1-ol-2-yl-3,5,-cyclohexadienpedioxin-6,8-dichlorobenzen
radical
1,3-dichloro-2-ol-3-yl-1,4-cyclohexadiene-p-dioxin-6,8-dichlorobenzene
radical

2,4-dichlorophenol-1,3’,5' -trichlorophenyl-6-6 ether(PD)
2,4-dichlorophenol-1,3’ -dichlorophenyl-6-2-ether
dibenzofuranDF)

dibenzop-dioxin (DD)

2. Enthalpies of Formation

infrared (IR) spectra(NIST Chemistry WebBod#) and ex-

perimental enthalpies of formation, were gathered in order to _ ) _

calculate the thermodynamic properties of these species. If It_h.a_s been found '_n practice that Wh_"mPAC and other
experimental or proposed parameters were not located in tHfP INtio programs give results regarding the fundamental

archived literature, the molecular properties were calculate
using themopPac program(Stewart’) and in two caseé and

aibrations of the molecules in close relation to one another,
the predictions of the enthalpy of formation can differ up to

7) USiNgGAUSSIAN 98with the HF method. It has been shown 2 factor of 2. The mean absolute error of the AM1 method

(Burcaf® and Curraret al?®) thatmMopPAC's calculated vibra-

was reported to be 50.2 kJ mdl(12 kcal mol'1).273%31For

tions and moments of inertia compare well with calculationsPM3 this absolute error is smaller for chlorinated com-

resulting from different Gaussian basis sets, as well as witfpounds. STO/3-21G calculations performed for some of the

experimental IR spectrum for large molecules. Therefore thépecies gave unacceptable results.

MOPAC calculated spectrum and molecular geometry can be It is found that Benson’s group additivity method

used with confidence.
On the other hand, the size of these molecules and theven this method does not give uniform answers since there

number of “heavy” atoms included, prohibited us from using are disputes among different groups of researchers regarding

an ab initio program for all the molecules because the ex-specific values of some of the groups, while other groups are

pected calculation time for each specie would have necessiissing.

tated a lot of parallel computer time. Thus the usalinitio

methods is currently impractical for large models.
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3. MOPAC Calculations A¢H°(T), the enthalpy of formation; ant,, the equilib-
rium constant; are presented as function3.dfl (T), known

3.1. Stable Molecules as “absolute enthalpy,” is a function used in engineering and

These are easier to calculate. All the electrons in thes €dual to
molecules are paired, and therefore calculating restricted
Hartree—Fock(RHF) conditions and unrestricted Hartree—
Fock (UHF) for the same semi empirical method PM3 or .

AM1 should give the same result. Thus the spin contamina:rhe results are presented in Joules.
tion should be zero. All deviations imply higher uncertainties
of the calculated data. The PM3 is better adjusted to handle
molecules including oxygen and chloriri&tewart®). The
AM1 method is supposedly better adjusted for compounds
including carbon and hydrogen only. Therefore it is less suit-
able for our purposes as seen in the individual results. Nei-
ther AM1 nor PM3 are adjusted for polyaromatic molecules Although the IR spectra were not fully assigned and ana-
(Stewart’). Therefore the present research can be used fdyzed spectroscopically, theopac calculated vibrations give
evaluating the two methods for chlorophenols and PCDDvalues very close to the spectral peaks. Indeed it was found
derivatives. that the main differences between data calculated with IR

During the revision of this article, theHEM3D-MOPAC-  vibrations and data calculated wittoPAC vibrations results
2004° package became available for the analysis of spectrah the entropy values, of the order of up to
data as well. The automatic graphical interface made it pos3.4 J K'* mol . That is caused mainly by taking into
sible to recheck all the species and to ascertain that the coaccount different internal rotations with different rotational
figurations calculated in the first round were correct. As abarrier values, rather than differences in the vibration values
rule the data obtained usingOPAC-2000 versusMOPAC 6  due to improper assignment.

H(T)=A;H°(298.15 K)+[H°(T)—H°(298.15 K)].

5. Accuracy of Calculations

were identical to within 0.5%. Table 1 presents comparison of the presgptand S data
with the data that can be estimated with theT 94 program
3.2. Radicals (Stein® (Benson's method and datavith Shaub’s dat¥ for

_ _ the few available compounds, and with the Thetgastima-
All the radicals have unpaired electrons and therefore th@on which is a combination of Benson’s method and addi-
calculations may have spin contamination. These were nQfons like Yoned#* The NIST program does not include any

found to be excessive for most radicals. corrections for the CI-Cl interactions as well as CI-OH in-
_ _ teractions. It also cannot differentiate between different iso-
4. Thermodynamic Calculations mers such as the three-m-pchlorophenols. Although

Thergad’ is a little more sophisticated thamst 94*° and

The thermodynamic calculations were made with thetHERM,* it also cannot differentiate even among very differ-
McBride and Gordofit PAC99 thermodynamic program. The ent isomers such as species 9 and 10. Therefore this program
rigid rotor harmonic oscillator approximatiolRRHO) was  (Therga$®’ is not very different from the previous two, and
used as is customary for all polyatomic species. The input fodefinitely cannot serve, in its present form, as a universal
this program includes: molecular vibrations, moments of in-black box thermodynamic estimator as the authors try to hint
ertia, and the enthalpy of formation at 298 K. Where neededand as some researchers unknowingly claimed.
the calculated fundamentals were supplemented with internal The estimates ofHERM®® cannot be shown together with
rotation information calculated using the PM3 calculatedother programs, becauseerM as opposed to the other two
Cartesian coordinates and Wang's progrdmll these data is an open-end program, where one is free to use any groups
are presented in individual tables for each specie. in any number and there are no restrictions imposed by the

In each case the experimental inputs were preferred if theprogram. If compared on a one to one basisir 94 the
existed. Thus the IR spectrum was used and the missindifferences will be only due to changes in the values of some
vibrations were obtained from PM3 calculations. If no IR molecular groups as calculated by Bozzelial, or others.
spectra were available, then the PM3 vibrations were ac- In the case of dibenzofuran, dibenpadioxin and their
cepted, and the moments of inertia were preferred from PM3etrachloro compounds where we have used the DFT-B3LYP
For the enthalpies of formation, since experimental values dealculations supplied to us by Dorofeé¥ae compare those
not exist, estimations were initiated. These data are presentata with our PM3 calculations, although the thermodynamic
in calories as they are found in the literature or as given byables were calculated according to Dorofeeva’s data and not
the semiempirical programs. PM3.

The results of the thermodynamic calculations are pre- It is worth noticing that the big discrepancies between the
sented for each species in a table whégg the heat capac- PM3 calculationgor theab initio in some instancgsand the
ity; H°(T)—H°(298.15 K), the enthalpyS°, the entropy; ones based on group additivity, appear at molecules that have
—[G°—H"(298.15K))/T]; H(T), the absolute enthalpy; internal rotations like molecule 23.
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TasLE 1. Comparison of the thermodynamic data with the literatursts are cal K* mol™)

NIST? 255 Shaul§® Thergad’ This study PM3
Compound T/IK Cp S Cp S Cp S Cp S
4. CH,Cl,0 300 33.74 95.25 34.08 98.34
1000 57.25 153.55 57.83 154.83
5. GH,Cl,0 300 36.2 102.9 34.66 96.75 34.84 94.91
1000 57.7 — 57.65 154.56 60.35 152.98
6. CgH,Cl;05 300 4477 106.5¢ 39.58 101.77
2,5 cy-hexadiene 1000 71.12 178.89 68.74 168.92
7. CsH,Cl;05 300 40.38 103.04 40.39 103.77
2-cyclohexene 1000 69.21 171.12 68.74 171.33
8. GH4Cl50 300 36.9 97.3 35.98 94.21 35.74 94.39 34.83 94.71
1000 61.5 — 62.03 154.37 61.53 155.21 60.35 152.98
9. GH,Cl;0 300 39.37 109.94 33.66 104.20
1000 85.5 182.04 57.34 159.67
10. GH,Cl;0 300 39.37 109.94 39.30 99.77
1000 85.50 182.04 66.13 164.41
11. GH,ClO 300 26.16 82.81 26.28 83.53
1000 53.26 133.08 53.77 132.38
14. GH,CI,0 300 327 89.9 32.20 88.61 31.31 87.59
1000 59.5 — 60.03 145.01 58.16 142.18
15. GHsCIO 300 28.6 83.9 28.55 82.12
1000 57.6 — 56.51 153.85
16. C;,H,Cl,0-2367 300 53.8¢° 118.5% 53.37 120.49
1000 102.19 215.06 100.84 215.24
17. C,H,Cl,0-2468 300 53.9P 117.89 53.55 117.66
1000 102.22 214.46 100.97 212.55
18. C,H,Cl,0,-2378 300 57.99 122.98 57.12 123.91
1000 107.10 224.46 106.27 223.79
19. C,H,Cl,0,-1368 300 56.96 114.61 58.0% 124.97 57.17 125.48
1000 107.08 215.37 107.08 226.43 106.27 225.40
23. C,H4C10, 300 73.9 154. 68.80 137.60
1000 118.1 273.7 115.55 250.82
30. GHgO 300 39.3¢ 89.94 38.25 90.00
1000 94.21 171.57 93.00 179.71
31. G,HgO, 300 42.41 92.94 43.29 95.07 41.85 95.01
1000 99.55 179.80 99.63 182.37 98.49 180.31
HF/6-31Gd).
"Dorofeev4® (ital).
°Mhin et al#*
9Bold: values from tables in this article.
6. Kinetic References data and this molecule was never calculated. The moments of

inertia of the molecule were taken from the PM3 calculation,
Table 27 lists a set of 24 elementary reactions from aas were the molecular vibrations.

mechanism for the formation of TCDRetrachlorodibenzo- ~ Only a very rough estimation of the enthalpy of formation
dioxin) from 2,4,6 trichlorophenol, which includes many of could be done with theHERM®® program, and these ranged
the species described in this paper. The rate constants givéiem —95 to —52.3 kImol* (—22.7 to—12.5 kcal mol ).
in the table were assembled and estimated using the therm¥le have chosen the value of 58.6+50.2 kJmol*
dynamic data calculated in this paper. The complete moddi—14.0+12.0 kcalmof *) because it involved the smallest
included 70 elementary reactions. They were all used witthumber of assumptionsee Tables 3 and)4
the CHEMKIN program in order to be compared to experimen-
tal data and the other reactions and the results were described

elsewhergKhachatryaret al ). 7.2. «C5H,Cls
o _ (trichloro-1,3,4-cyclopentadienyl radical )
7. Individual Species There are no literature sources for this species. This is the
7.1. CgH,Cl,0 first calculation of the symmetric trichloro pentadieny! radi-

cal. MOPAC calculations were performed and the enthalpy of

formation could be estimated only with the Thergas
This chloro cyclopentadiene ketone is not listed in anyprograni’ using Benson’s methotf. This value is also the

thermodynamic compendium. There are no experimentahverage of the foumoPAC calculations(see Tables 5 and) 6

(3,4-dichloro-2,4-cyclopentadiene-1-one )
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TaBLE 2. Kinetic model of formation of chlorinated dioxins in incinerator conditionst

Reaction A E, AH (298) Ref
l/mol kcal/imol
(1) CeH3ClO & CeH,CIO + H
°'\(‘i§r°' C'\'f‘:S'c' 3.2E+15 86500 858 20
surface
(1") CeH3Cl30 « CeHCl:O + H 32E+13 66500 - a
(2) CeH3ClO+ 00 CgH2CIs0 + HO;
Ci. OHCI Cl. Iy cl N HO,
ro = ’ 2.0E+12 41400 443 53
a a
(3) CgHaClO + H o CH,CLO + Ci
OH oH
NI H e O + @
1.50E+13 7500 -19.2 38
a a
(4) CsH3C|3O +H e C6H2C|3O + Hz
o &m o (‘%/q 1.15E+14 12400 -18.4  49*
+ H - + H
a (v}
(5) CngCIgp + OH & CgH,C130 + H,0
c.ﬁc. m(oj;.ra 1.0E+12 0 335 20
+ OH —-—— +  H0
(6) C¢H3Cls0 + Cl CgH,CI,0 + HCI
g It 1.43E+14 0 7.3 49
cl Cl Cl o]}
\¢ + Cl —_— \éj/ + HCI
Cl cl
(7) CeH3Clz0 + O « CgHoClLO + OH
CI\(:;:C. c'{j“ 1.26E+13 2891 16.4 49*
+ 0 —-— + OH
(8) C5H30|3O + Cstclgo «> C12H5C|502 + Cl
. Qa
a . o . o 0\/@ . 1.0E+12 26000 184 20
+ - \(;(cu a a ¥
a a a
(9) C12H50,502 4—>C12H4C|402 + HCI
. i ool 1.0E+14 45000 -36 20
O, TG, e
(1 0)CsH2Cl3O Ad C5Hzc|3 +CO
- cl
cn(l;rcs ﬁ 2.50E+12 45000 183 53
—-— + co
cl Cl Ct
(1 1) CstCl;;o + OH And C5H30|302
0 646 20

Iy 1 e 1.0E+12
ci. # cl ¢ci- i(nn
+ OH ———

cl c1

453
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454 BURCAT, KHACHATRYAN, AND DELLINGER

TaBLE 2. Kinetic model of formation of chlorinated dioxins in incinerator conditions—Continued

(12) 2CeH,Cl:0 — C12H4ClsO2

(’;ﬁ f;' - ,ﬁ:(‘@ 860E+11 0 -1254 -194 50

(13) Cy2H4CleOz — 2CeHCl,0

a [ o o
Q/é("aﬁ“ — °W<j“ . “{?{“ 300E+15 0 50600 194 b
a a [o] Qa
(14) C15H4CleO;z « C12HiClsO2 + CI
a o a o
Sy =g
a a a
a
(15) C12H4ClsOz + H « C12H4C|502 + HCI
a o a
0 a o a
uﬁ(f@ o aﬁjgﬂj@’ +uHa 1.50E+13 0 9500  -69.78 d
a a

(16) C12H4C|502 «> C12H4C|402 + C|

SO e DT . e 100E+12 0 36500 17.82 €53

1.00E+15 0 48500 333 ¢

(17) C12H4CI502 «r C12H4OZC|4+C'

ﬁﬁcﬁ i Leod) 0 1.00E#12 0 36500 1782 €53

arrangement o

1.3.7,9-DD

(18) C12H50|502 + OH «» C15H4Cls05 + H,O

T, o TR,
(19) Cy2H4CLO, + OH — C42H5ClO5

\(,:(Edl Ly s cx\@:iﬁ: 1.20E+12 0 0 -45.0 51

1.00E+12 0 0 -38.03 20

(20) C12H5CI4O3 + 02 L C12H4C|4O3 + HOZ

Qi;ioflj v o e a‘i?io)fl‘j + w, 100E+12 0 2000 113 F

(21) C12H4ClLO; + OH > Cy2HsO5Clq

o ° Addition C‘I?ic:é\
) g + OH e
\@0 1 o
(=}

<

1.20E+12 O 0 714 51

(22) C42Hs05Cly — C42HsClz0, + ClI
o

A od a

a\(;(oij( . \@O)ék . a 1.00E+13 0 4000 489 g

a @ a

(23) CHiCliOz +H C12HsCLO,
C1 C1

C'W;Iiﬁm e Cl\?ﬁ-\é\c. 10E#13 0 7000 312 h
cl

(24) CyzHsCl40, +H  Cy:HsCLO,

cl °. a
Cl\?iiﬁc, o CIEIOH\@\@ 10E+14 0 0 8127 |

k=AT" exp(-E,/RT). Units are s* cm 3 mol~* s* and cm ® mol~2 s~ for uni-, bi-, and tri-molecular reactions, respectivefi; are in cal/mol; and
A;H in kcal/mol from this study.

* Analogy with the reactions: phenet H (reaction 4, phenol+ CI (reaction 6, phenol+ O (reaction 7.

aTaking into account that preexponential factors for monomolecular reactions in the absorbed layer are of the order of mattitud®® s~ 1,55 E, was
empirically adjusted.

J. Phys. Chem. Ref. Data, Vol. 32, No. 2, 2003



THERMODYNAMICS OF CHLORINATED MOLECULES AND RADICALS 455

TaBLE 2. Kinetic model of formation of chlorinated dioxins in incinerator conditions—Continued

bFor benzyl phenyl ethers and anisole, preexponential factrors of the oxygen—carbon bond fission reactions areli8¥ally *.5 The rate coefficient for
reaction 13 was assigned by analogy with the following reattiaich also forms two resonantly stabilized radicals:

0.CHy-CH=CH,

o
J— @ + CopCHeCH,

“By analogy with the reaction

o o
H,C=CHH,C
+ CH.CHeCH,
[

with estimatedk=10'® exp(— 44 500RT s 1.57 E,=48 500 cal/mol was adjusted for the chlorinated species involved in this reaction.

dBased on typical bimolecular rate constants for Cl abstraction by=HZH,;Cl— H,+ CH,CI (or HCI+ CHj,) with k=3.713° exp(— 4680RT),% see also
Ref. 54.

€The same rate constant parametg@etails in Ref. 53 were assigned for reactions 16 and (s@e also Ref. 59

By analogy with bulk radica- oxygen reaction, i.e.n-C;H; 5+ O,— C;H;,+HO,; k=102 exp(—2000RT).%°

9By analogy with the reaction

g "
Qe
o a
o e
{ o
a a @ a

with E,=4 kcal/mol calculated in Ref. 63.

"By analogy with CkPhOPIidiphenyl ether— PhO +PhCI?2 In this work, it is suggested that the splitting of PhOPh by Cl, is as fast as hydrogen abstraction
with E;,~6—7 kcal/mol. We consider the splitting of PCDD by H atoms as a ring opening process andEgsigrkcal/mol for this reaction.

Rate coefficient typical for atom—polyatomic radical recombinatfon.

TaBLE 3. Molecular properties of §H,Cl,O (3,4-dichloro-2,4-cyclopentadiene-1-gne

Enthalpy of formation Zero point energy
A¢H°(298.15 K / kcal mol'? ZPE / kcal mol?t
Our estimation —14+12 —
PM3 —0.100 35.613
PM3 UHF —0.661 34.535
AM1 6.732 37.176
AM1 UHF 5.879 36.177

Principal moments of inertia / g dx 10 3°

MOPAC method I L I

PM3 41.601 2519 71.066 249 7 112.675 015
PM3 UHF 41.601 2519 71.066 249 7 112.675 015
AM1 416012519 71.066 249 7 112.675 015
AM1 UHF 41.601 2519 71.066 249 7 112.675 015

Molecular vibrations / cm®

AM1 141.8 152 173.8 305 362 477
534 552 646 691 798 870

959 1036 1089 1186 1233 1269

1371 1758 1763 2130 3252 3257

AM1 UHF 136.5 139.3 173 303 327 477
530 548 628 653 781 837

923 1028 1084 1185 1207 1264

1271 1533 1640 2129 3251 3255

PM3 151.4 163 188 297 370 410
458 547 654 669 711 876

940 957 978 1146 1147 1255

1301 1725 1743 1951 3137 3141

PM3 UHF 151.2 152.2 184 295 340 410
455 543 639 640 693 844

925 934 971 1118 1145 1212

1250 1423 1610 1949 3135 3137
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TaBLE 4. Thermodynamic properties of;8,Cl,O (3,4-dichlorocyclopentadiene-1-ongM, = 148.976)

Enthalpy Reference Temperater€, =298.15 K Standard State Pressapf=0.1 MPa
T C, H°—H°(T,) s° —[G°—H*(T)IT H(T) AH°
(K) (3K L mol™ 1) (J-mol™t) (- K t-mol™?) (3K T-mol™?) (kJ-mol™ 1) (kJ-mol~1) log K¢
0 — —20.365 — — —78.941 —51.685 —
100 53.953 —16.343 262.516 425.951 —74.919 —55.331 22.7079
200 83.213 —9.463 309.044 356.359 —68.039 —57.273 8.0394
298.15 109.022 0.000 347.197 347.197 —58.576 —58.576 3.0637
300 109.471 0.202 347.873 347.199 —58.374 —58.596 3.0005
400 131.395 12.285 382.481 351.769 —46.291 —59.492 0.4310
500 148.784 26.329 413.747 361.090 —32.247 —60.104 —1.1307
600 162.405 41.916 442.128 372.268 —16.660 —60.545 —2.1808
700 173.153 58.714 468.002 384.124 0.138 —60.846 —2.9357
800 181.751 76.475 491.705 396.111 17.899 -61.014 —3.5042
900 188.726 95.011 513.529 407.961 36.435 —61.048 —3.9470
1000 194.454 114.179 533.719 419.540 55.603 —60.973 —4.3011
1100 199.206 133.869 552.482 430.783 75.293 —60.798 —4.5903
1200 203.184 153.994 569.991 441.663 95.418 —60.543 —4.8304
1300 206.539 174.485 586.391 452.171 115.909 —60.229 —5.0328
1400 209.388 195.285 601.804 462.314 136.709 —59.884 —5.2049
1500 211.823 216.349 616.335 472.103 157.773 —59.505 —5.3537
1600 213.917 237.638 630.075 481.551 179.062 —59.123 —5.4829
1700 215.727 259.123 643.099 490.674 200.547 —58.748 —5.5961
1800 217.301 280.776 655.475 499.488 222.200 —58.389 —5.6961
1900 218.676 302.576 667.262 508.011 244.000 —58.056 —5.7850
2000 219.883 324.506 678.509 516.257 265.930 —57.756 —5.8643
2100 220.947 346.548 689.264 524.241 287.972 —57.497 —5.9361
2200 221.889 368.691 699.565 531.978 310.115 —57.293 —6.0009
2300 222.726 390.922 709.447 539.480 332.346 —57.139 —6.0600
2400 223.474 413.233 718.942 546.761 354.657 —57.048 —6.1143
2500 224.144 435.615 728.078 553.833 377.039 —57.033 —6.1637
2600 224.745 458.060 736.881 560.705 399.484 —57.083 —6.2095
2700 225.288 480.562 745.374 567.388 421.986 —57.216 —6.2521
2800 225.779 503.115 753.576 573.892 444.539 —57.432 —6.2919
2900 226.224 525.716 761.507 580.225 467.140 —57.733 —6.3287
3000 226.629 548.359 769.183 586.397 489.783 —58.135 —6.3633
3100 226.999 571.041 776.620 592.414 512.465 —58.617 —6.3963
3200 227.337 593.758 783.833 598.283 535.182 —59.201 —6.4274
3300 227.647 616.507 790.833 604.013 557.931 —59.880 —6.4567
3400 227.931 639.286 797.633 609.608 580.710 —60.655 —6.4847
3500 228.193 662.093 804.244 615.075 603.517 —61.532 -6.5117
3600 228.435 684.924 810.676 620.419 626.348 —62.498 —6.5373
3700 228.658 707.779 816.938 625.646 649.203 —63.563 —6.5621
3800 228.865 730.655 823.039 630.761 672.079 —64.720 —6.5858
3900 229.057 753.552 828.986 635.768 694.976 —65.964 —6.6089
4000 229.236 776.466 834.788 640.671 717.890 —67.305 —6.6310
4100 229.402 799.398 840.450 645.475 740.822 —68.717 —6.6529
4200 229.557 822.346 845.980 650.183 763.770 —70.215 —6.6740
4300 229.702 845.309 851.383 654.800 786.733 —71.795 —6.6943
4400 229.837 868.286 856.666 659.328 809.710 —73.462 —6.7142
4500 229.964 891.276 861.832 663.771 832.700 —75.183 —6.7338
4600 230.083 914.279 866.888 668.132 855.703 —76.967 —6.7530
4700 230.194 937.293 871.837 672.413 878.717 —78.806 —6.7718
4800 230.299 960.317 876.685 676.619 901.741 —80.699 —6.7904
4900 230.398 983.352 881.434 680.750 924.776 —82.641 —6.8087
5000 230.491 1006.397 886.090 684.811 947.821 —84.681 —6.8263
5100 230.579 1029.450 890.655 688.802 970.874 —86.705 —6.8442
5200 230.662 1052.513 895.133 692.727 993.937 —88.804 —6.8615
5300 230.741 1075.583 899.528 696.588 1017.007 —90.943 —6.8785
5400 230.815 1098.661 903.842 700.386 1040.085 —93.121 —6.8953
5500 230.885 1121.746 908.077 704.124 1063.170 —95.333 —6.9119
5600 230.952 1144.838 912.238 707.803 1086.262 —97.579 —6.9282
5700 231.015 1167.936 916.327 711.426 1109.360 —99.855 —6.9444
5800 231.076 1191.041 920.345 714.993 1132.465 —102.161 —6.9604
5900 231.133 1214.151 924.295 718.507 1155.575 —104.495 —6.9761
6000 231.187 1237.267 928.181 721.969 1178.691 —106.851 —6.9917
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TaBLE 5. Molecular properties ofCsH,Cl; (trichloro-1,3,4-cyclopentadieny! radigal

Enthalpy of formation Zero point energy
A¢H°(298.15 K / kcal mol'® ZPE / kcal mort

Our estimate 36.9+5 —
Therga$® 36.98

PM3 39.08 33.081
PM3 UHF 32.44 32.834
AM1 41.83 34.397
AM1 UHF 34.30 34.298

Moments of inertia of the molecule / g é&x10%°

MOPAC method I Iy le

PM3 41.1508 112.3192 153.4698
PM3 UHF 41.324 45 112.8528 154.1773
AM1 42.33965 115.1571 157.4967
AM1 UHF 42.472 84 115.5446 158.0175

Molecular vibrations / cm®

AM1 123.2 154.6 168.7 208 355 393
463 480 569 663 728 816

880 901 1009 1125 1151 1210

1402 1474 1626 1652 3263 3269

AM1 UHF 120.7 143.6 168 206 329 432
449 486 541 616 723 859

872 1000 1015 1122 1193 1217

1390 1465 1526 1579 3260 3266

PM3 118.3 145.3 146.8 200 336 358
387 453 554 629 634 864

893 899 939 1029 1035 1153

1378 1439 1623 1635 3140 3166

PM3 UHF 117.4 141.7 148 198 320 381
402 454 528 595 629 845

866 924 963 1032 1086 1164

1349 1428 1527 1561 3146 3151

73 C5H3C|30 75 °C6HC|3OH
(1-hydroxy-1,3,4-trichlorocyclopentadiene ) (2,4,6-trichlorophenol-3-yl radical )

This molecule is not mentioned in the literature. The-

. . This is a carbon centered radical with the electron local-
PAC PM3 data were used for the thermodynamic calculation. . .
ized on the benzene ring. No experimental or other values

and the enthalpy of formation was estimated as the average . : : .
of PM3 and PM3-UHF. The calculation of AM1 UHF failed. qg&rg r?]‘g’t"rlgz'e' This radical was calculated usingioeac

The reduced moment of inertia was calculated with a pro- N oo
The enthalpy of formation is a very rough approximation

gram by Wang' (see Tables 7 and)8 using theNisT 94° and theTHERM®® programs together with

the PM3 calculationgsee Tables 11 and 1.2
74 C6H2C|30‘

(2,4,6-trichlorophenoxy radical ) (P-)
76 C5H2C|303'
(2,4,6-trichlorobicyclo-2,5-hexadiene-
1,4-peroxy-1-phenoxy radical )

This is an oxygen centered radical. Experimental as well
as other molecular information regarding this radical, which
belongs to the group of polychlorinated phenol compounds
denoted in short ag>-), is not available in the literature. It No experimental or other values are available for this spe-
was calculated using theoPACc methods and the PM3 values cies. This bicyclo symmetric radical was calculated using the
were preferred. GAUSSIAN 98HF/6-31G3d) andmoPAC PM3 method. Because

The enthalpy of formation is very roughly estimated usingit is symmetric the two possible conformatiof@—0O bridge
the NIST 94° approximation and adding the Dorofeeva above or below the phenyl ringre equivalent. The unscaled
etal® CI-Cl corrections. The value obtained is ab initio calculations compare well with theopac PM3
A¢H°(298.15 K)= —32.64+ 12.5 kI mol ! [A¢H® results(see Table 18 However since for the next similar
X (298.15 K)= — 7.8+ 3 kcal mol 1] (see Tables 9 and 10  radical(7.7), only the scaledhb initio calculation compared
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458 BURCAT, KHACHATRYAN, AND DELLINGER

TaBLE 6. Thermodynamic properties e€sH,Cl; (trichloro-1,3,4-cyclopentadienyl radiga]M = 168.429)

Enthalpy Reference Temperate€, =298.15 K Standard State Pressap@=0.1 MPa
T C; H°—H°(T,) S° —[G°—H(T)]/T H(T) AH°
(K) (3-K~t-mol™ %) (3-mol™ %) (3-K~t-mol™Y) (3-K~L-mol™Y) (kJ-mol™1) (kJ-mol™1) log K
0 — —22.181 — — 132.208 159.715 —
100 60.559 —17.824 278.187 456.425 136.566 156.399 —87.4774
200 90.863 —10.209 329.763 380.808 144.181 155.128 —46.7808
298.15 116.529 0.000 370.953 370.953 154.390 154.390 —33.4735
300 116.974 0.216 371.675 370.955 154.606 154.379  —33.3067
400 138.596 13.035 408.404 375.816 167.424 153.970 —26.5960
500 155.522 27.777 441.231 385.676 182.167 153.800 —22.5773
600 168.535 44.009 470.788 397.440 198.398 153.768 —19.8998
700 178.614 61.387 497.556 409.861 215.777 153.838 —17.9871
800 186.558 79.661 521.946 422.370 234.050 154.002 —16.5516
900 192.935 98.646 544.300 434.693 253.036 154.261 —15.4336
1000 198.137 118.209 564.906 446.698 272.598 154.593 —14.5374
1100 202.435 138.244 583.999 458.322 292.633 154.993 —-13.8024
1200 206.025 158.672 601.771 469.545 313.062 155.445 —13.1882
1300 209.049 179.430 618.385 480.362 333.820 155.932 —-12.6672
1400 211.616 200.467 633.973 490.783 354.856 156.431 —12.2186
1500 213.811 221.741 648.650 500.823 376.130 156.945 —11.8293
1600 215.698 243.218 662.511 510.499 397.608 157.450 —11.4872
1700 217.331 264.872 675.638 519.831 419.261 157.937 —11.1844
1800 218.751 286.678 688.101 528.836 441.067 158.397 —10.9144
1900 219.992 308.616 699.962 537.533 463.006 158.825 —10.6721
2000 221.083 330.671 711.275 545.939 485.061 159.213 —10.4533
2100 222.044 352.828 722.085 554.072 507.218 159.556 —10.2553
2200 222.896 375.076 732.435 561.946 529.466 159.838 —10.0746
2300 223.654 397.405 742.360 569.576 551.794 160.063  —9.9095
2400 224.331 419.804 751.893 576.975 574.194 160.221  —9.7582
2500 224.937 442.268 761.063 584.156 596.658 160.296  —9.6185
2600 225.482 464.790 769.896 591.131 619.179 160.299  —9.4896
2700 225.974 487.363 778.416 597.911 641.753 160.211 —9.3705
2800 226.419 509.983 786.642 604.505 664.373 160.031  —9.2600
2900 226.823 532.645 794.594 610.924 687.035 159.755  —9.1569
3000 227.190 555.346 802.290 617.175 709.736 159.368  —9.0610
3100 227.526 578.082 809.745 623.267 732.472 158.889  —8.9718
3200 227.832 600.851 816.974 629.208 755.240 158.297  —8.8883
3300 228.113 623.648 823.989 635.005 778.038 157.598  —8.8101
3400 228.372 646.472 830.803 640.664 800.862 156.792  —8.7368
3500 228.610 669.322 837.426 646.191 823.711 155.871  —8.6684
3600 228.829 692.194 843.870 651.593 846.583 154.851  —8.6038
3700 229.032 715.087 850.142 656.875 869.477 153.722  —8.5435
3800 229.220 738.000 856.252 662.042 892.389 152.493  —8.4864
3900 229.395 760.931 862.209 667.098 915.320 151.170  —8.4330
4000 229.557 783.878 868.019 672.049 938.268 149.744  —8.3825
4100 229.708 806.842 873.689 676.898 961.231 148.243  —8.3352
4200 229.849 829.820 879.226 681.650 984.209 146.654  —8.2905
4300 229.980 852.811 884.636 686.308 1007.201 144982  —8.2481
4400 230.103 875.815 889.925 690.876 1030.205 143.226  —8.2081
4500 230.219 898.831 895.097 695.357 1053.221 141.419  —8.1706
4600 230.327 921.859 900.158 699.754 1076.248 139.555  —8.1351
4700 230.428 944.897 905.113 704.071 1099.286 137.644  —8.1016
4800 230.524 967.944 909.965 708.310 1122.334 135.688  —8.0702
4900 230.614 991.001 914.719 712.474 1145.391 133.694  —8.0404
5000 230.699 1014.067 919.379 716.566 1168.457 131.615 —8.0119
5100 230.779 1037.141 923.948 720.587 1191.530 129.566  —7.9855
5200 230.854 1060.222 928.430 724541 1214.612 127.456  —7.9602
5300 230.925 1083.311 932.828 728.430 1237.701 125.325  —7.9362
5400 230.993 1106.407 937.145 732.255 1260.797 123.172  —-7.9136
5500 231.057 1129.510 941.385 736.019 1283.899 121.003  —7.8921
5600 231.118 1152.619 945.548 739.724 1307.008 118.821  —7.8717
5700 231.175 1175.733 949.640 743.371 1330.123 116.628  —7.8525
5800 231.230 1198.854 953.661 746.962 1353.243 114.426  —7.8342
5900 231.282 1221.979 957.614 750.499 1376.369 112.218 —7.8169
6000 231.332 1245.110 961.501 753.983 1399.500 110.009  —7.8005
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TaBLE 7. Molecular properties of §H3Cl;0 (1-hydroxy-1,3,4-trichlorocyclopentadiene

Enthalpy of formation Zero point energy
A¢H°(298.15 K / kcal mol'? ZPE |/ kcal mor?
Our estimate —24.0x1 —
PM3 —23.32 44.062
PM3 UHF —23.65 43.112
AM1 —18.95 45.324

Moments of inertia of the molecule / g ém102°

MOPAC method la I le

PM3 55.896 442 128.064 243 155.830 073
PM3 UHF 55.895 903 128.063 541 155.829 073
AM1 55.896 442 128.064 242 155.830 073

Reduced moment of inerfial, = 0.1424g cn?x 10~ 3% o,=2; V(2)=1116.8cm 2.

Molecular vibrations / cm*

AM1 92.9 95 171.5 260 298 312
335 349 469 481 525 554

690 723 861 889 961 1052

1086 1191 1216 1224 1394 1458

1519 1758 1766 3255 3261 3460

PM3 97 104.7 149.7 248 281 322
344 413 425 487 516 590

621 666 794 892 930 937

991 1128 1143 1190 1329 1345

1430 1727 1749 3142 3146 3686

PM3 UHF 92.7 101.9 149.5 246 279 319
330 413 419 481 512 588

615 645 778 863 907 933

985 1120 1142 1185 1235 1342

1429 1431 1649 3140 3142 3686

well with the PM3 calculations and HF is not one of the best Its enthalpy of formation was roughly estimated using

ab initio methods, it was decided to use the PM3 results foBozzelli's’® proposal for an 0.83 factor used on the PM3

the thermodynamic Table 14. enthalpy of formation as for similar bicyclo peroxy com-
The enthalpy of formation was roughly estimated usingpounds he describedee Table 16

Bozzelli's* proposal for an 0.83 factor used on the PM3

enthalpy of formation like in similar bicyclo peroxy com- 7'_8' CeH3Cl30

pounds he used. Other methods failed. (2,4,6-trichlorophenol ) (P)

2,4,6-trichlorophenol, belongs to the group of polychlo-
rophenol compounds denoted in short(Bs It was calcu-
lated by Shaut§ using Benson’s group additivity methods.
In this calculation the IR specffawas compared with the
calculated spectra, and a few PM3 calculated vibrations were
This bicyclo asymmetric radical was calculated here forSUPPlemented to the existing experimental values. 5
the first time using thetoPac PM3 method anaaussian s 11e enthalpy of formation was taken from thest 94 es-
HF/6-31Qd). There are at least two main configurations of imaté and corrected using Dorofeevd'sorrections (see
this radical. The configuration given here was assumed tgaPles 17 and 18
have the oxygen bridge below the ring. The other configura-
tion (bridge above the ringgives results with negligible dif-
ferences. For example the moments of inertia &ge
=119.6248, 1,=130.9687, |.=223.6886 gcrix10 *
compared to those in Table 15. The vibrations differ also by This stable trichloro-cyclohexadiene molecule is calcu-
as much as 0.002-0.2%. Despite the fact that for this radicdated here for the first time using theorPACc PM3 method.
the ab initio scaled calculations were very close to those of Its enthalpy of formation was estimated as the average
PM3, to be consistent with the former radical we have prevalue of PM3, PM3-UHF, AM1, and AM1-UHKsee Tables
ferred here the PM3 calculation. 19 and 20.

77 C6H2C|303'
(2,4,6-trichlorobicyclo-2-hexene-
1-one-4,6-peroxy-5-yl radical )

7.9. CgH3Cl;0,
(2-hydroxy-2,4,6-trichloro-
3,5-cyclohexadiene-1-one )
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460 BURCAT, KHACHATRYAN, AND DELLINGER

TaBLE 8. Thermodynamic properties of;85Cl;0 (1-hydroxy-1,3,4-trichlorocyclopentadienéM, = 185.436)

Enthalpy Reference Temperater€, =298.15 K Standard State Pressap@=0.1 MPa
T C; H°—H°(T,) S° —[G°—H(T)]/T H(T) AH°
(K) (3-K~t-mol™ %) (3-mol™ %) (3-K~t-mol™Y) (3-K~L-mol™Y) (kJ-mol™1) (kJ-mol™1) log K
0 — —24.098 — — —124.514 —88.433 —
100 59.807 —19.865 279.384 478.039 —120.281 —94.824 36.6505
200 101.954 -11.721 334.147 392.754 —112.137 —98.369 11.4811
298.15 135.629 0.000 381.383 381.383 —100.416 —100.416 2.9403
300 136.192 0.251 382.224 381.386 —100.165 —100.445 2.8318
400 162.924 15.266 425.235 387.069 —85.150 —101.596 —1.5657
500 183.201 32.620 463.875 398.634 —67.796 —102.145 —4.2268
600 198.543 51.742 498.696 412.458 —48.674 —102.332 —6.0070
700 210.360 72.212 530.226 427.066 —28.204 —102.267 —7.2795
800 219.697 93.732 558.949 441.784 —6.684 —102.002 —8.2324
900 227.251 116.092 585.276 456.285 15.676  —101.559 —8.9710
1000 233.482 139.138 609.552 470.414 38.722  —100.976 —9.5588
1100 238.696 162.755 632.057 484.098 62.339 —100.270 —10.0367
1200 243.108 186.851 653.021 497.312 86.435 —99.464 —10.4320
1300 246.873 211.355 672.632 510.052 110.939 —98.584 —10.7638
1400 250.107 236.208 691.049 522.329 135.792 —97.659 —11.0451
1500 252.902 261.362 708.402 534.161 160.946 —96.690 —11.2872
1600 255.330 286.776 724.803 545.568 186.360 —95.709 —11.4967
1700 257.450 312.417 740.348 556.573 212.001 —94.728 —11.6795
1800 259.308 338.257 755.117 567.196 237.841 —93.760 —11.8404
1900 260.943 364.272 769.181 577.460 263.856 —92.814 —11.9829
2000 262.389 390.440 782.604 587.384 290.024 —91.900 —12.1096
2100 263.672 416.744 795.437 596.988 316.328 —91.028 —12.2235
2200 264.814 443.169 807.730 606.290 342.753 —90.215 —12.3259
2300 265.835 469.703 819.525 615.306 369.287 —89.457 —12.4187
2400 266.751 496.333 830.858 624.053 395.917 —88.769 —12.5032
2500 267.574 523.050 841.764 632.545 422.634 —88.167 —12.5800
2600 268.317 549.845 852.274 640.795 449.429 —87.640 —12.6506
2700 268.989 576.711 862.413 648.816 476.295 —87.211 —12.7158
2800 269.598 603.641 872.206 656.621 503.225 —86.879 —12.7760
2900 270.153 630.629 881.677 664.219 530.213 —86.649 —12.8317
3000 270.659 657.670 890.844 671.621 557.254 —86.539 —12.8834
3100 271.122 684.759 899.727 678.837 584.343 —86.527 —12.9323
3200 271.546 711.893 908.341 685.875 611.477 —86.638 —12.9779
3300 271.935 739.067 916.703 692.743 638.651 —86.865 —13.0207
3400 272.294 766.279 924.827 699.450 665.863 —87.207 —13.0611
3500 272.624 793.525 932.725 706.003 693.109 —87.675 —13.0997
3600 272.930 820.803 940.409 712.408 720.387 —88.250 —13.1360
3700 273.213 848.110 947.891 718.672 747.694 —88.944 —13.1709
3800 273.475 875.445 955.181 724.800 775.029 —89.748 —13.2039
3900 273.719 902.805 962.287 730.799 802.389 —90.657 —13.2358
4000 273.945 930.188 969.220 736.673 829.772 —91.679 —13.2662
4100 274.157 957.593 975.987 742.428 857.177 —92.785 —13.2958
4200 274.354 985.019 982.596 748.068 884.603 —93.990 —13.3241
4300 274.538 1012.463 989.054 753.597 912.047 —95.289 —13.3513
4400 274.711 1039.926 995.368 759.021 939.510 —96.682 —13.3775
4500 274.873 1067.405 1001.543 764.342 966.989 —98.137 —13.4033
4600 275.025 1094.900 1007.586 769.564 994.484 —99.660 —13.4282
4700 275.168 1122.410 1013.502 774.692 1021.994 —101.240 —13.4525
4800 275.302 1149.933 1019.297 779.727 1049.517 —102.875 —13.4763
4900 275.428 1177.470 1024.975 784.675 1077.054 —104.559 —13.4995
5000 275.548 1205.019 1030.540 789.537 1104.603 —106.337 —13.5217
5100 275.660 1232.579 1035.998 794.316 1132.163 —108.097 —13.5440
5200 275.767 1260.151 1041.352 799.015 1159.735 —109.925 —13.5654
5300 275.868 1287.733 1046.606 803.637 1187.317 —111.785 —13.5864
5400 275.963 1315.324 1051.763 808.185 1214908 —113.676 —13.6071
5500 276.053 1342.925 1056.828 812.660 1242509 —115.591 —13.6272
5600 276.139 1370.535 1061.803 817.064 1270.119 —117.527 —13.6470
5700 276.220 1398.153 1066.691 821.401 1297.737  —119.482 —13.6664
5800 276.298 1425.779 1071.495 825.672 1325.363 —121.453 —13.6854
5900 276.371 1453.412 1076.219 829.878 1352.996 —123.437 —13.7040
6000 276.441 1481.053 1080.865 834.023 1380.637 —125.428 —13.7224
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TaBLE 9. Molecular properties of §H,Cl;0- (2,4,6-trichlorophenoxy radicgl Values listed with bold characters were chosen for thermodynamic
calculations—e-=2 and statistical weight 2

Enthalpy of formation Zero point energy
A¢H°(298.15 K / kcal mol'? ZPE / kcal mor?

Our estimate —7.8+x3.0 —

NIST 94% -9.9

PM3 -7.0 39.742

PM3 UHF —17.04 39.412
AM1 —-2.70 41.919
AM1 UHF —-13.74 41.401

Moments of inertia of the molecule / g é&x10%°

MOPAC method I I I

PM3 99.122 034 111.076 65 210.198 68
PM3 UHF 99.122 034 111.076 65 210.198 68
AM1 99.122 034 111.076 65 210.198 68
AM1 UHF 99.122 034 111.076 65 210.198 68

Molecular vibrations / cm®

AM1 46.4 130.5 172.6 199.1 210 336
342 388 437 453 511 553
623 789 853 900 944 946
963 1160 1244 1287 1317 1419
1466 1640 1677 1974 3159 3162
AM1 UHF 47.4 126.4 158.9 197.7 209 331
335 386 434 453 484 521
620 762 849 897 902 902
956 1157 1247 1281 1418 1451
1477 1576 1589 1859 3165 3168
PM3 56.2 128.2 1736 188 191 300
328 354 377 408 491 539
589 736 774 778 882 922
936 1053 1144 1162 1256 1371
1396 1625 1666 1883 3045 3048
PM3 UHF 48.3 117.6 149.5 187 191 299
300 354 376 413 454 504
584 739 754 771 875 884
895 1045 1145 1153 1374 1383
1458 1583 1625 1823 3043 3045
710 C6H4CIO‘ 712 'C6H4C|O
(o-chlorophenoxy radical ) (2,4-cyclohexadiene-6-chloro-1-one-2-yl radical )

There are no experimental data for this oxygen centered No experimental data are available for this radical.
radical, and it is not listed in ShauB%and Bozzelli’s calcu- It is calculated here for the first time. ONHEM3D-MOPAC-
lations. Melius calculated the o-chlorophenyl radi@sf2N) 2000 version ofMoPAC could differentiate between this radi-
in his databaséBurcaf?). This radical was calculated using cal and the former one. The AM1 UHF calculation gave a
MOPAC, and the enthalpy of formation was estimated usingtransition state, not a radical. The thermodynamics of this
the NIST 94°° program(see Tables 21 and 22 radical was calculated using PM8ee Tables 25 and 26

We have estimated the enthalpy of formation to be 230
+125kImol! (55+30 kcal/mol'!) to comply with the

7.11. -C4H,CIO MoPAC/Thergas difference found for the previous radicae
(2,5-cyclohexadiene-2-chloro-1-one-4-yl ) Sec. 7.1}
This radical is calculated here for the first time: Tihe- 7.13. C¢H,Cl,O
PAC PM3 method was used for the thermodynamic calcula- (2,4-dichlorophenol )

tions.

The enthalpy of formation was roughly estimated using The spectral IR molecular vibration vald&svere supple-
the THERM program (Ritter and Bozzel)®® (see Tables 23 mented withmopac PM3 calculations.
and 24. The experimental enthalpy of formation approximation of
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TaBLE 10. Thermodynamic properties of8,Cl;0- (2,4,6-trichlorophenoxy radica(M,=196.439)

Enthalpy Reference Temperatet®, =298.15 K Standard State Pressa@=0.1 MPa
T c; H°—H°(T,) s° —[G°—H(T)HUT H(T) AgH®
(K) (3-K™t-mol™ 1) (3-mol™Y) (3-K~1-mol™Y) (3-K~t-mol™Y) (kJ-mol™1) (kJ-mol~1) log K
0 — —26.1522 — — —58.8502 —25.9495 —
100 69.579 —21.3409 293.5545 506.9638 —54.0389 —30.3242 6.2818
200 109.244 —12.3178 354.5165 416.1056 —45.0158 —31.9694 —1.8381
298.15 140.784 0.0000 404.2073 404.2073 —32.6980 —32.6980 —4.6176
300 141.323 0.2609 405.0799 404.2100 —32.4370 —32.7068 —4.6529
400 167.509 15.7509 449.4610 410.0837 —16.9471 —32.9534 —6.0827
500 188.191 33.5785 489.1563 421.9993 0.8806 —32.8944 —6.9433
600 204.292 53.2363 524.9520 436.2249 20.5383 —32.6581 —7.5141
700 216.879 74.3201 557.4280 451.2564 41.6221 —32.2822 —7.9181
800 226.836 96.5247 587.0633 466.4074 63.8267 —31.7768 -8.2172
900 234.820 119.6217 614.2585 481.3454 86.9238 —31.1444 —8.4456
1000 241.305 143.4389 639.3464 495.9075 110.7410 —30.4123 —8.6244
1100 246.631 167.8442 662.6031 510.0174 135.1463 —29.5920 —8.7669
1200 251.048 192.7349 684.2580 523.6456 160.0369 —28.7033 —8.8823
1300 254.744 218.0298 704.5028 536.7875 185.3318 —27.7694 —8.9772
1400 257.860 243.6643 723.4986 549.4526 210.9664 —26.8209 —9.0552
1500 260.508 269.5863 741.3818 561.6576 236.8883 —25.8530 -9.1211
1600 262.773 295.7532 758.2688 573.4230 263.0552 —24.8975 —9.1764
1700 264.721 322.1303 774.2592 584.7708 289.4323 —23.9660 —9.2233
1800 266.409 348.6888 789.4391 595.7232 315.9908 —23.0686 —9.2635
1900 267.877 375.4047 803.8833 606.3019 342.7068 —22.2136 —9.2981
2000 269.162 402.2581 817.6570 616.5280 369.5601 —21.4087 —9.3278
2100 270.292 429.2320 830.8174 626.4212 396.5340 —20.6623 —9.3541
2200 271.290 456.3122 843.4149 636.0003 423.6142 —19.9917 —9.3770
2300 272.176 483.4864 855.4942 645.2828 450.7884 —19.3910 —9.3974
2400 272.965 510.7441 867.0949 654.2848 478.0462 —18.8732 —9.4157
2500 273.670 538.0765 878.2524 663.0218 505.3786 —18.4568 —9.4317
2600 274.303 565.4757 888.9985 671.5079 532.7778 —18.1267 —9.4463
2700 274.873 592.9350 899.3617 679.7561 560.2370 —17.9054 —9.4599
2800 275.388 620.4485 909.3676 687.7789 587.7505 —17.7934 —9.4724
2900 275.854 648.0109 919.0396 695.5875 615.3130 —17.7940 —9.4836
3000 276.278 675.6179 928.3988 703.1928 642.9200 —17.9251 —9.4941
3100 276.665 703.2654 937.4643 710.6045 670.5674 —18.1622 —9.5045
3200 277.018 730.9498 946.2537 717.8319 698.2518 —18.5318 —9.5142
3300 277.341 758.6679 954.7830 724.8836 725.9700 —19.0255 —9.5233
3400 277.638 786.4171 963.0669 731.7678 753.7191 —19.6434 —9.5322
3500 277.911 814.1947 971.1189 738.4919 781.4968 —20.3944 —9.5412
3600 278.163 841.9986 978.9515 745.0630 809.3006 —21.2590 —9.5497
3700 278.396 869.8267 986.5761 751.4878 837.1287 —22.2510 —9.5584
3800 278.611 897.6771 994.0033 757.7725 864.9792 —23.3594 —9.5667
3900 278.811 925.5483 1001.2430 763.9229 892.8504 —24.5783 —9.5752
4000 278.996 953.4388 1008.3042 769.9445 920.7408 —25.9179 —9.5835
4100 279.169 981.3472 1015.1955 775.8426 948.6492 —27.3465 —9.5922
4200 279.330 1009.2722 1021.9248 781.6219 976.5743 —28.8804 —9.6008
4300 279.480 1037.2128 1028.4993 787.2871 1004.5149 —30.5139 —9.6091
4400 279.621 1065.1680 1034.9261 792.8425 1032.4700 —32.2503 —9.6175
4500 279.752 1093.1367 1041.2115 798.2922 1060.4388 —34.0511 —9.6263
4600 279.876 1121.1182 1047.3615 803.6401 1088.4202 —35.9236 —9.6351
4700 279.992 1149.1116 1053.3818 808.8900 1116.4137 —37.8586 —9.6440
4800 280.101 1177.1163 1059.2777 814.0452 1144.4183 —39.8520 —9.6532
4900 280.203 1205.1315 1065.0543 819.1091 1172.4336 —41.8993 —9.6625
5000 280.300 1233.1567 1070.7161 824.0848 1200.4587 —44.0552 —9.6713
5100 280.391 1261.1913 1076.2677 828.9753 1228.4933 —46.1845 —9.6810
5200 280.477 1289.2347 1081.7132 833.7834 1256.5367 —48.3958 —9.6903
5300 280.558 1317.2864 1087.0565 838.5119 1284.5884 —50.6438 —9.6996
5400 280.635 1345.3461 1092.3015 843.1633 1312.6481 —52.9282 —9.7092
5500 280.708 1373.4132 1097.4515 847.7400 1340.7153 —55.2433 —9.7187
5600 280.777 1401.4875 1102.5101 852.2445 1368.7895 —57.5864 —9.7282
5700 280.842 1429.5685 1107.4803 856.6788 1396.8705 —59.9548 —9.7379
5800 280.905 1457.6559 1112.3652 861.0452 1424.9579 —62.3467 —9.7475
5900 280.964 1485.7493 1117.1676 865.3457 1453.0513 —64.7588 —9.7572
6000 281.020 1513.8485 1121.8903 869.5822 1481.1506 —67.1869 —9.7669
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TaBLE 11. Molecular properties of &1,Cl;0 (2,4,6-trichlorophenol-3-yl radical Values listed with bold characters were chosen for thermodynamic
calculations—e-=1 and statistical weight 2

Enthalpy of formation Zero point energy

A¢H°(298.15 K / kcal mol™? ZPE |/ kcal mor?
Our estimate 16.86+5
NIST 94% 16.3
THERM® 21.87
THERGAS” Failed
PM3 18.69 41.706
PM3 UHF 10.94 40.435
AM1 22.88 42.528
AM1 UHF 14.58 41.350

Moments of inertia of the molecule / g ém10 *°

MOPAC method la L I

PM3 97.916 68 114.720 54 212.6372
PM3 UHF 97.916 68 114.720 54 212.6372
AM1 99.476 24 115.717 27 215.1932
AM1 UHF 99.684 87 115.994 76 215.6795

Reduced moment of inerfidl, =0.1424g cn?X 107 %% 0,,,=2; V(2)=1116.8cm .

Molecular vibrations / cm*

PM3 100.7 142 168 191 223 292
300 364 379 425 456 545
568 678 746 792 821 898
1008 1101 1212 1282 1409 1438
1525 1613 1728 1864 3065 3854

PM3 UHF 81.1 127.5 168.7 170 191 274
299 326 360 374 418 490
561 568 705 733 775 878
893 1091 1183 1321 1373 1484
1493 1594 1656 1781 3062 3854

AM1 93.63 151 182 206 221 294
315 400 418 442 465 546
601 718 766 863 904 978
985 1211 1296 1337 1479 1499
1548 1675 1716 1841 3182 3406

AM1 UHF 79.5 133 183 187 205 262
315 351 395 438 458 517
580 594 682 852 896 900
960 1197 1289 1348 1454 1495
1499 1637 1656 1756 3178 3409

Da Silva et al*® quoted in the NIST WebBook 200@vas 7.15. -C¢HsO

adopted(see Tables 27 and 28 (2,4-cyclohexadiene-1-one-2-yl radical )

This radical is an unchlorinated species connected with the
kinetics of chlorodibenzodioxins and chlorodibenzofurans. It
does not appear in any thermodynamic compendium. It was
calculated using theopAac PM3 method.

Only the IR spectra of this compound is available. This The enthalpy of formation was estimated using Thergas
compound was calculated by Shalibsing Benson’s group  (See Tables 31 and B2’
additivity method®? The moPAC method was used to calcu- 7.16. C,H,OCl,
late the molecular vibrations and the moments of inertia. The
PM3 UHF calculation failed. The NIST 94 estimate was pre-
ferred over the other because it is the average between Ther-This specie was published by Dorofeestal*® Dorofe-
gas and Shaub’s and because it is close tavibeac calcu-  eva’s calculated vibrations and moments of inertia using the
lations which are quite consistent. The thermodynamidFT B3LYP method were obtained as a private
properties were calculated using the IR spectra with PMZommunicatiorf® A;H°(298.15 K)= —50.10 kJ mol ™.
additions as marked in Table Z8ee also Table 30 For comparison purposes we have calculated the PM3 data

7.14. C¢Hs5CIO
(o-chlorophenol )

(2,3,6,7-tetrachlorodibenzofuran )
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TaBLE 12. Thermodynamic properties of;BCI;OH- (2,4,6-trichlorophenol-3-yl radica(M,= 196.439)

Enthalpy Reference Temperatet€, =298.15 K Standard State Pressap@=0.1 MPa
T C; H°—H°(T,) S° —[G°—H(T)]/T H(T) AH°
(K) (3-K~t-mol™ %) (3-mol™ %) (3-K~t-mol™Y) (3-K~L-mol™Y) (kJ-mol™1) (kJ-mol™1) log K
0 — —25.296 — — 45.267 78.168 —
100 63.752 —21.018 288.975 499.153 49.545 73.260 —48.0631
200 108.336 —12.295 347.653 409.129 58.268 71.314 —29.1710
298.15 140.745 0.000 397.240 397.240 70.563 70.563 —23.0721
300 141.278 0.261 398.112 397.243 70.824 70.554  —22.9958
400 166.659 15.711 442.385 403.107 86.274 70.268  —19.9314
500 186.358 33.404 481.783 414.976 103.967 70.192  —18.0976
600 201.627 52.835 517.169 429.110 123.398 70.202  —16.8753
700 213.536 73.617 549.181 444,013 144.181 70.276  —16.0018
800 222.949 95.459 578.333 459.009 166.023 70.419  —15.3459
900 230.505 118.145 605.044 473.772 188.709 70.640 —14.8343
1000 236.663 141.514 629.660 488.146 212.077 70.923 —14.4236
1100 241.751 165.442 652.462 502.060 236.006 71.267 —14.0860
1200 246.002 189.836 673.685 515.488 260.399 71.658 —13.8032
1300 249.589 214.621 693.521 528.429 285.184 72.082 —13.5629
1400 252.642 239.736 712.133 540.892 310.299 72,511  —13.3551
1500 255.258 265.135 729.655 552.898 335.698 72955 —13.1745
1600 257.516 290.776 746.202 564.467 361.339 73.385 —13.0154
1700 259.475 316.628 761.874 575.623 387.191 73.791 —-12.8741
1800 261.185 342.663 776.755 586.387 413.226 74165 —12.7478
1900 262.684 368.858 790.918 596.782 439.421 74.499 —12.6342
2000 264.004 395.193 804.426 606.829 465.757 74786  —12.5314
2100 265.173 421.653 817.335 616.548 492.217 75.018 —12.4384
2200 266.211 448.224 829.696 625.958 518.787 75.179  —12.3534
2300 267.136 474.892 841.550 635.075 545.455 75.273  —12.2758
2400 267.965 501.648 852.937 643.917 572.211 75.289  —12.2048
2500 268.709 528.482 863.891 652.498 599.045 75.207  —12.1390
2600 269.379 555.387 874.443 660.833 625.950 75.043  —12.0786
2700 269.985 582.356 884.622 668.934 652.919 74774  —12.0230
2800 270.534 609.382 894.450 676.814 679.945 74399 —11.9716
2900 271.034 636.461 903.953 684.483 707.024 73.914  —11.9236
3000 271.489 663.587 913.149 691.953 734.151 73.302 —11.8792
3100 271.905 690.757 922.058 699.233 761.320 72588 —11.8385
3200 272.285 717.967 930.696 706.332 788.530 71.743  —11.8006
3300 272.635 745.213 939.081 713.258 815.777 70.778  —11.7652
3400 272.956 772.493 947.224 720.021 843.056 69.690 —11.7324
3500 273.253 799.804 955.141 726.626 870.367 68.472  —11.7023
3600 273.527 827.143 962.843 733.081 897.706 67.143 —11.6740
3700 273.780 854.508 970.341 739.392 925.072 65.688 —11.6481
3800 274.015 881.898 977.645 745.566 952.462 64.119 —11.6238
3900 274.233 909.311 984.765 751.609 979.874 62.441 —11.6016
4000 274.436 936.745 991.711 757.525 1007.308 60.645 —11.5808
4100 274.625 964.198 998.490 763.320 1034.761 58.761 —11.5620
4200 274.802 991.669 1005.110 768.998 1062.232 56.773  —11.5446
4300 274.967 1019.158 1011.578 774.565 1089.721 54.687 —11.5282
4400 275.121 1046.662 1017.901 780.023 1117.225 52.500 —11.5131
4500 275.266 1074.182 1024.086 785.379 1144.745 50.250 —11.4997
4600 275.402 1101.715 1030.137 790.634 1172.278 47.929 —11.4872
4700 275.530 1129.262 1036.061 795.793 1199.825 45547  —11.4759
4800 275.650 1156.821 1041.864 800.859 1227.384 43.108 —11.4659
4900 275.763 1184.392 1047.548 805.836 1254.955 40.616  —11.4567
5000 275.869 1211.973 1053.121 810.726 1282.536 38.017 —11.4480
5100 275.970 1239.565 1058.585 815.533 1310.128 35.445  —11.4409
5200 276.065 1267.167 1063.944 820.258 1337.730 32.792  —11.4342
5300 276.155 1294.778 1069.204 824.906 1365.341 30.103 —11.4282
5400 276.240 1322.398 1074.366 829.478 1392.961 27.378  —11.4230
5500 276.321 1350.026 1079.436 833.977 1420.589 24.624 —11.4185
5600 276.398 1377.662 1084.416 838.405 1448.225 21.843 —11.4145
5700 276.470 1405.305 1089.308 842.764 1475.869 19.037 —11.4112
5800 276.539 1432.956 1094.117 847.056 1503.519 16.208 —11.4084
5900 276.605 1460.613 1098.845 851.284 1531.176 13.359 —11.4061
6000 276.668 1488.277 1103.495 855.448 1558.840 10.495 —11.4043
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TaBLE 13. Molecular properties of {£1,Cl;03- (2,4,6-trichlorobicyclo-2,5-hexadiene-1,4-peroxy-1-phenoxy radivalues listed with bold characters were
chosen for thermodynamic calculations

Enthalpy of formation Zero point energy
A¢H°(298.15 K / kcal mol* ZPE / kcal moft
Our estimate 30.7
PM3 36.999 45.234
PM3 UHF 24.004 44.982
AM1 61.691 48.183
AM1 UHF 47.109 48.012

Moments of inertia of the molecule / g é&x 10 3°

Method l5 Iy le
Gaussian 98/HF 110.4929 142.0306 207.6226
PM3 107.3237 144.5280 201.7532
PM3 UHF 105.5388 145.7740 199.9214
AM1 107.1465 144.0010 201.1460
AM1 UHF 106.3286 144.7438 200.5527

Molecular vibrations / cm®

Gaussian 98 79(11.2 135121.5 174156.6 176(158.4 225203 244220
HF/6-31Gd) 251(226) 341(307) 344310 392353 410369 425383
(scaled 0.9 466419 509458 529476) 541(487) 592533 662596
749674 761685 786(707) 809728 843759 858772
917(825 918826 995896) 1072965 115811042 11941079
12241102 12801152 16631497 16851517 32562930 32582932
PM3 92.3 146 165 171 215 217
253 341 344 366 394 411
506 547 555 571 693 741
812 833 889 928 952 975
1092 1115 1144 1191 1203 1268
1270 1354 1783 1849 3120 3123
PM3 UHF 86.56 144 165 172 219 232
264 340 342 366 401 438
483 548 557 573 675 712
799 827 885 904 930 970
1064 1123 1184 1189 1195 1249
1275 1463 1708 1729 3115 3117
AM1 95.2 130 177 186 192 250
260 379 394 443 449 463
542 582 598 634 783 840
923 935 978 1001 1031 1139
1145 1165 1231 1254 1301 1341
1388 1438 1775 1810 3228 3232
AM1 UHF 90.2 142 177 191 208 247
266 375 392 448 463 463
521 579 608 632 754 832
904 930 936 998 1028 1089
1151 1159 1266 1270 1297 1353
1371 1590 1685 1703 3220 3223
for this molecule. PM3 UHF calculations failed and AM1 7.18. C4,H,0,Cl,
resulted in a transition statsee Tables 33 and R4 (2,3,7,8-tetrachlorodibenzo- p-dioxin )

This species was published by Dorofeeva, lorish and Moi-
7.17. C4,H,0Cl, seeva (1999.3° A,H°(298.15 K)= — 164.0+ 15. k mor .,
(2,4,6,8-tetrachlorodibenzofuran ) Recently, Mhinet al.,** published vibrations of 76 chloro
This specie was published by Dorofeevatal®®  dibenzop-dioxin congeners using theGAUSSIAN 98
A¢H°(298.15 K)= —58+10 kdmol'. Dorofeeva’s calcu- B3LYP/6-31G* method and basis set. These vibrations
lated vibrations and moments of inertia by the DFT B3LYPserved us to calculate the thermodynamic properties of this
method were obtained as private communicaffbsfihe PM3 ~ species. The moments of inertia were taken from the PM3
data are presented for comparison purposes. The PM3 UHealculation. A second calculation of PM3 results is given for
calculations show transition statgee Tables 35 and R6 comparison purposgsee Tables 37 and 38
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TaBLE 14. Thermodynamic properties 0f8,Cl;05- (2,4,6-trichlorobicyclo-2,5-hexadiene-1,4-peroxy-1-phenoxy ragiddl = 228.438)

Enthalpy Reference Temperatet€, =298.15 K Standard State Pressapp@=0.1 MPa
T C; H°—H°(T,) s° —[G°—H*(T)]/T H(T) AH°
(K) (3-K~1-mol™ %) (3-mol™ %) (3-K~L-mol™Y) (3-K~t-mol™Y) (kJ-mol™1) (kJ-mol™1) log K
0 — —29.185 — — 99.264 140.845 —

100 74.453 —24.377 300.354 544.122 104.072 133.566  —88.0208

200 124.852 —14.312 368.113 439.671 114.137 130.052  —53.5490

298.15 165.590 0.000 425.792 425.792 128.449 128.449 —42.4374

300 166.288 0.307 426.819 425.796 128.756 128.431 —42.2985

400 199.881 18.684 479.453 432.744 147.132 128.100 —36.7185

500 225.670 40.021 526.960 446.917 168.470 128.610 —33.3684

600 245.122 63.606 569.907 463.896 192.055 129.613 -—31.1212

700 259.912 88.891 608.853 481.867 217.340 130.935 -—29.5018

800 271.357 115.478 644.338 499.991 243.927 132.484 —28.2739

900 280.381 143.082 676.841 517.861 271531 134.218 —27.3068
1000 287.619 171.495 706.770 535.275 299.943 136.082 —26.5227
1100 293.508 200.561 734.469 552.141 329.010 138.052 —25.8720
1200 298.360 230.162 760.222 568.420 358.611 140.101 —25.3218
1300 302.399 260.206 784.268 584.109 388.655 142.199 —24.8495
1400 305.792 290.620 806.806 599.220 419.069 144312 —24.4381
1500 308.667 321.347 828.004 613.772 449.796 146.442 —24.0770
1600 311.121 352.340 848.005 627.793 480.788 148.553 —23.7561
1700 313.229 383.560 866.932 641.308 512.008 150.633 —23.4689
1800 315.052 414.976 884.888 654.346 543.425 152.669 —23.2100
1900 316.637 446.562 901.965 666.933 575.011 154.651 —22.9753
2000 318.023 478.297 918.243 679.095 606.746 156.571 —22.7611
2100 319.242 510.161 933.789 690.855 638.610 158.418 —22.5655
2200 320.317 542.140 948.666 702.238 670.589 160.174 —22.3853
2300 321.271 574.221 962.926 713.265 702.669 161.845 —22.2191
2400 322.120 606.391 976.617 723.955 734.840 163.417 —22.0655
2500 322.879 638.642 989.783 734.326 767.090 164.870 —21.9223
2600 323.560 670.964 1002.460 744.397 799.413 166.220 —21.7893
2700 324.174 703.351 1014.683 754.182 831.800 167.443 —21.6652
2800 324.727 735.797 1026.482 763.698 864.246 168.540 —21.5494
2900 325.229 768.295 1037.886 772.957 896.744 169.507 —21.4404
3000 325.685 800.841 1048.920 781.973 929.290 170.327 —21.3382
3100 326.101 833.431 1059.606 790.757 961.880 171.024 —21.2426
3200 326.481 866.060 1069.965 799.321 994.509 171571 —21.1524
3300 326.828 898.726 1080.017 807.676 1027.175 171.978 —21.0673
3400 327.147 931.425 1089.779 815.830 1059.874 172.244 —20.9871
3500 327.441 964.155 1099.266 823.793 1092.603 172.363 —20.9117
3600 327.712 996.912 1108.494 831.574 1125.361 172.352 —20.8401
3700 327.962 1029.696 1117.477 839.180 1158.145 172.200 -20.7727
3800 328.194 1062.504 1126.226 846.620 1190.953 171.917 —20.7085
3900 328.408 1095.334 1134.754 853.899 1223.783 171.509 -20.6481
4000 328.608 1128.185 1143.071 861.025 1256.634 170.966 —20.5906
4100 328.794 1161.056 1151.187 868.003 1289.504 170.321 -20.5365
4200 328.967 1193.944 1159.113 874.840 1322.392 169.558 —20.4850
4300 329.128 1226.848 1166.855 881.542 1355.297 168.683 —20.4359
4400 329.279 1259.769 1174.424 888.112 1388.218 167.693 —20.3892
4500 329.421 1292.704 1181.825 894.557 1421.153 166.625 —20.3451
4600 329.553 1325.653 1189.067 900.881 1454.102 165.474 —20.3031
4700 329.678 1358.614 1196.156 907.089 1487.063 164.249 -20.2633
4800 329.795 1391.588 1203.098 913.183 1520.037 162.954 —20.2257
4900 329.905 1424.573 1209.899 919.170 1553.022 161.593 -20.1898
5000 330.009 1457.569 1216.565 925.051 1586.018 160.115 -20.1552
5100 330.107 1490.575 1223.101 930.831 1619.024 158.651 —20.1230
5200 330.199 1523.590 1229.512 936.514 1652.039 157.095 -20.0918
5300 330.287 1556.614 1235.802 942.102 1685.063 155.494 —20.0622
5400 330.369 1589.647 1241.977 947.598 1718.096 153.844 —20.0341
5500 330.448 1622.688 1248.040 953.006 1751.137 152.155 —20.0072
5600 330.522 1655.737 1253.995 958.327 1784.185 150.430 -—19.9815
5700 330.592 1688.792 1259.845 963.566 1817.241 148.671 —19.9570
5800 330.659 1721.855 1265.595 968.724 1850.304 146.880 —19.9337
5900 330.723 1754.924 1271.248 973.804 1883.373 145.061 -19.9113
6000 330.783 1787.999 1276.807 978.808 1916.448 143.219 -19.8901
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TaBLE 15. Molecular properties of §,Cl;O05¢ (2,4,6-trichlorobicyclo-2-hexene-1-one-4,6-peroxy-5-yl radicgblues listed with bold characters were
chosen for thermodynamic calculations==1 and statistical weight 2

Enthalpy of formation
A¢H°(298.15 K / kcal mol'?

Zero point energy
ZPE / kcal mor?

Our estimate —2.08
PM3 -1.779 44.956
PM3 UHF —6.059 44.780
AM1 30.34 47.895
AM1 UHF 25.94 47.679
Moments of inertia of the molecule / g ém10™%°
Method la Iy lc
Gaussian 98 HF 116.3316 128.6100 220.1830
PM3 119.6179 130.9715 223.8863
PM3 UHF 119.6179 130.9715 223.8863
AM1 118.0182 129.7836 222.1650
AM1 UHF 117.8944 130.0073 222.1323
Molecular vibrations / cm®
Gaussian 98 77(69.9 152(137) 175.6158 191(172) 220198 267240
HF/6-31Qd) 315283 343309 373336 405364 431(388 444400
(scaled 0.9 485437 559503 583525 688619 781703 829746
869782 893804 939845 1012911 10429398 1066959
11341021 11951079 12091088 12461121 12831155 13081177
14271284 14611315 18281645 20651856 34193077 34323089
PM3 63.1 132 149 171 205 231
279 303 325 356 385 403
435 492 502 600 654 751
769 802 827 890 929 971
1054 1099 1176 1204 1227 1300
1302 1360 1821 2002 3073 3188
PM3 UHF 63 131 150 171 207 234
279 302 330 355 388 405
433 487 500 599 654 750
767 800 823 887 924 967
1047 1095 1167 1197 1219 1291
1296 1343 1794 1996 3072 3184
AM1 55.8 136 162 185 213 238
309 323 353 412 422 440
471 524 566 686 743 813
866 917 956 980 1023 1109
1147 1167 1209 1283 1308 1356
1380 1397 1817 2085 3183 3291
AM1 UHF 54.4 136 163 184 213 237
308 322 357 412 419 439
466 519 556 682 728 810
864 914 953 974 1019 1096
1140 1164 1192 1269 1310 1345
1379 1396 1794 2084 3184 3285

This species was published by Dorofeewet al3®

7.19. C4,H,0,Cl,
(1,3,6,8-tetrachlorodibenzo- p-dioxin )

result4® which are closer to the PM3 values. Mhin's

vibrationd” served us to calculate the thermodynamic prop-

erties of this specie. The moments of inertia were taken from

A{H°(298.15 K)= —173.0+ 15. kI mol . Asatryanet al*®
have calculatedA{H°(298.15 K)= —131.92 kJmol* for

this specie, using PM3 methods. Recently, Mé&ira
lished the molecular vibrations of 76 chlorodibenzdioxin
congeners using theAussiAN 98 B3LYP/6-31G™* method

14 pub-

the PM3 calculatior{see Tables 39 and %0

7.20. C1,H,Cl,05

(1,3,6,8-tetrachlorodibenzo- p-dioxin-2-ol )

This compound a tetrachlorp-dibenzo dioxine alcohol

and basis set. Dorofeeva has also sent us her unpublishedis calculated usingiorPAC, and its enthalpy of formation
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TaBLE 16. Thermodynamic properties of;&,Cl;05- (2,4,6-trichlorobicyclo-2-hexene-1-one-5-yl-4,6-peroxy radi¢M = 228.438)

Enthalpy Reference Temperaten®, =298.15 K

Standard State Pressa@=0.1 MPa

T C; H°—H°(T,) s° —[G°—H(T)T H(T) A¢H®
(K) (3-K~-mol™ %) (J3-mol™%) (3-K~t-mol™Y) (J-K~t-mol™Y) (kJ-mol~1) (kJ-mol~1) log K
0 — —30.072 — — —38.774 2.807 —
100 76.914 —25.066 305.039 555.699 —33.769 —4.275 —15.7773
200 128.639 —14.674 375.011 448.378 —23.376 —7.462 —17.2748
298.15 168.984 0.000 434.167 434.167 —8.703 —8.703 —17.9722
300 169.666 0.313 435.215 434.171 —8.389 —-8.714 —17.9814
400 202.272 18.979 488.688 441.240 10.276 —8.756 —18.3650
500 227.183 40.510 536.629 455.610 31.807 —8.053 —18.5866
600 246.012 64.213 579.793 472.771 55.510 —6.931 —18.7179
700 260.397 89.565 618.844 490.895 80.862 —5.543 —18.7961
800 271.588 116.186 654.376 509.143 107.484 —3.959 —18.8410
900 280.456 143.805 686.896 527.113 135.102 —-2.211 —18.8637
1000 287.599 172.220 716.828 544.607 163.518 —0.344 —18.8714
1100 293.433 201.281 744.522 561.538 192.579 1.621 —18.8685
1200 298.252 230.873 770.267 577.872 222.170 3.661 —18.8582
1300 302.274 260.905 794.303 593.607 252.203 5.747 —18.8428
1400 305.660 291.307 816.831 608.755 282.604 7.847 —18.8230
1500 308.533 322.020 838.020 623.340 313.318 9.964 —18.8013
1600 310.988 352.999 858.013 637.388 344.297 12.061 —18.7775
1700 313.100 384.206 876.932 650.928 375.504 14.128 —18.7524
1800 314.928 415.610 894.881 663.986 406.907 16.152 —18.7265
1900 316.519 447.184 911.952 676.592 438.482 18.122 —18.7004
2000 317.911 478.907 928.223 688.770 470.205 20.030 —18.6738
2100 319.135 510.761 943.764 700.545 502.058 21.866 —18.6480
2200 320.216 542.730 958.636 711.941 534.027 23.612 —18.6222
2300 321.176 574.800 972.892 722.979 566.097 25.273 —18.5970
2400 322.030 606.961 986.579 733.679 598.258 26.836 —18.5726
2500 322.794 639.203 999.741 744.060 630.500 28.280 —18.5484
2600 323.480 671.517 1012.415 754.139 662.815 29.622 —18.5251
2700 324.098 703.897 1024.635 763.932 695.194 30.837 —18.5027
2800 324.656 736.335 1036.432 773.455 727.632 31.926 —18.4812
2900 325.161 768.826 1047.833 782.721 760.124 32.887 —18.4601
3000 325.621 801.366 1058.865 791.743 792.663 33.700 —18.4399
3100 326.040 833.949 1069.549 800.533 825.246 34.390 -—18.4211
3200 326.423 866.573 1079.906 809.102 857.870 34932 —18.4028
3300 326.773 899.233 1089.956 817.461 890.530 35.333 —18.3853
3400 327.095 931.926 1099.716 825.620 923.223 35.594 —18.3687
3500 327.391 964.651 1109.202 833.588 955.948 35.708 —18.3532
3600 327.665 997.404 1118.429 841.372 988.701 35.692 —18.3383
3700 327.917 1030.183 1127.410 848.982 1021.480 35.535 —18.3245
3800 328.151 1062.986 1136.158 856.425 1054.284 35.248 —18.3111
3900 328.367 1095.813 1144.685 863.707 1087.110 34.835 —18.2989
4000 328.569 1128.659 1153.001 870.836 1119.957 34.289 —18.2871
4100 328.756 1161.526 1161.117 877.818 1152.823 33.640 —18.2766
4200 328.931 1194.410 1169.041 884.658 1185.707 32.873 —18.2666
4300 329.094 1227.311 1176.783 891.361 1218.609 31.994 —18.2569
4400 329.246 1260.229 1184.350 897.935 1251.526 31.001 —18.2480
4500 329.389 1293.160 1191.751 904.382 1284.458 29.930 —18.2400
4600 329.523 1326.106 1198.992 910.708 1317.403 28.775 —18.2325
4700 329.649 1359.065 1206.080 916.917 1350.362 27.547 —18.2257
4800 329.767 1392.036 1213.022 923.014 1383.333 26.250 —18.2197
4900 329.878 1425.018 1219.822 929.002 1416.315 24.887 —18.2142
5000 329.983 1458.011 1226.488 934.886 1449.308 23.405 —18.2087
5100 330.081 1491.014 1233.023 940.668 1482.311 21.939 —18.2045
5200 330.175 1524.027 1239.434 946.352 1515.324 20.381 —18.2003
5300 330.263 1557.049 1245.724 951.941 1548.346 18.777 —18.1966
5400 330.347 1590.079 1251.898 957.439 1581.377 17.125 —18.1934
5500 330.426 1623.118 1257.960 962.848 1614.415 15.434 —18.1905
5600 330.501 1656.164 1263.915 968.171 1647.462 13.707 —18.1880
5700 330.572 1689.218 1269.765 973.411 1680.515 11.945 —18.1859
5800 330.639 1722.279 1275.515 978.570 1713.576 10.152 —18.1842
5900 330.704 1755.346 1281.168 983.651 1746.643 8.331 —18.1827
6000 330.765 1788.419 1286.726 988.656 1779.717 6.487 —18.1816
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TaBLE 17. Molecular properties of §E1;Cl;0 (2,4,6-trichlorophengl Values listed with bold characters were chosen for thermodynamic calculatiens—
=2 and statistical weight 1

Enthalpy of formation
A{H°(298.15 K / kcal mol?

Zero point energy
ZPE/kcal mol't

Our estimate —41.5+9.0

ShauB8* —34.28

PM3 —38.81 48.239
PM3 UHF —39.03 47.890
AM1 —38.42 49.597
AM1 UHF —38.92 49.224

Moments of inertia of the molecule / g ém 10 *°

MOPAC method

la

Iy

le

PM3 99.821 24 115.787 54 215.609
PM3 UHF 99.821 24 115.787 54 215.609
AM1 99.821 24 115.787 54 215.609
AM1 UHF 99.928 91 115.924 18 215.852
Reduced moment of inerfial, = 0.14239g cn?X 10 %% o, =2; V(2)=1116.8cm ..
Molecular vibrations / cm®
Ir26 564 733 809 847 918
1067 1076 1109 1168 1223 1261
1321 1397 1468 1572 1713 1724
3095 3569 3857
PM3 105.1 148.8 184 194 204 307
357 360 368 419 528 568
570 612 715 756 770 887
947 961 1084 1164 1188 1271
1384 1437 1538 1573 1746 1750
3007 3012 3629
PM3 UHF 102.3 146.4 184.2 194 194 307
351 356 366 417 515 555
566 611 711 735 765 877
931 943 1080 1151 1163 1319
1352 1438 1530 1561 1715 1717
3006 3012 3629
AM1 84.9 141.3 186.8 197 210 265
322 366 405 439 464 542
570 597 728 848 905 943
950 976 1189 1241 1319 1351
1459 1490 1584 1661 1753 1757
3170 3175 3404
AM1 UHF 80.4 138.1 172.4 198 210 266
322 354 402 437 461 522
550 595 699 843 901 922
928 965 1186 1252 1295 1393
1462 1477 1574 1645 1712 1722
3169 3174 3404

we estimated from the former molecuee Sec. 7.9using

tion was estimated using thesT 94%° prediction and Doro-

Dorofeeva’s coefficient€ and Bozzelli's increment§ for  feeva’s 1,3 Cl correctiotsee Tables 43 and 1%
the alcoholic group and the OH-CI interacti(gee Tables
41 and 42. 7.22. C1,H,Clg0O,
(2,4,6-trichlorocyclohexa-3,5-diene-1-one-1  ',3',5'-
trichlorophenyl-2-6 '-ether) (PP)
7.21. C12H4C|502' . . . .
(2,4-dichlorophenoxy-1 ',3',5'-trichlorophenyl- Thls_ intermediate e_ther, WhICh belongs to a group of
6-6'-ether radical—Cl ,CgH,(O+)—O—CgH,Cls) ch!oro isomers known in the literature as PP, was calculated
(PD-) using themopAac PM3 method.
Its enthalpy of formation was very roughly estimated as
This radical appears in the literature as the Pddlical was  the average between the PM3 and the PM3 UHF results. The
calculated using theiorPAc package. The enthalpy of forma- AM1UHF calculation, failed(see Tables 45 and 16
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TaBLE 18. Thermodynamic properties ofB8;Cl;0 (2,4,6-trichlorophenol(M,=197.447)

Enthalpy Reference Temperate€, =298.15 K Standard State Pressap@=0.1 MPa
T C; H°—H°(T,) S° —[G°—H(T)]/T H(T) AH°
(K) (3-K~t-mol™ %) (3-mol™ %) (3-K~t-mol™Y) (3-K~L-mol™Y) (kJ-mol™1) (kJ-mol™1) log K
0 — —25.619 — — —199.255 —162.120 —
100 65.305 —21.254 284.705 497.249 —194.890 —168.441 75.3318
200 109.086 —12.438 344.070 406.259 —186.074 —171.640 30.9748
298.15 143.262 0.000 394.214 394.214 —173.636 —173.636 16.1385
300 143.846 0.266 395.102 394.217 —173.370 —173.667 15.9510
400 172.267 16.122 440.523 400.217 —157.514 —174.999 8.3633
500 194.764 34.521 481.484 412.443 —139.115 —175.831 3.7818
600 212.207 54.906 518.604 427.093 —118.730 —176.331 0.7161
700 225.774 76.833 552.377 442.615 —96.803 —176.582 —1.4785
800 236.499 99.967 583.252 458.293 —73.669 —176.624 —3.1260
900 245.147 124.064 611.624 473.775 —49.572 —176.479 —4.4070
1000 252.248 148.945 637.832 488.887 —24.691 —176.185 —5.4304
1100 258.169 174.474 662.160 503.547 0.838 —175.760 —6.2661
1200 263.164 200.548 684.844 517.720 26.912 —175.228 —6.9606
1300 267.420 227.082 706.080 531.402 53.446  —174.615 —7.5466
1400 271.075 254.012 726.036 544.599 80.376  —173.953 —8.0464
1500 274.232 281.281 744.848 557.327 107.645  —173.242 —8.4786
1600 276.977 308.844 762.636 569.608 135.208 —172.516 —8.8550
1700 279.374 336.665 779.501 581.463 163.029 —171.788 —9.1856
1800 281.478 364.709 795.531 592.914 191.073  —-171.071 —9.4782
1900 283.332 392.952 810.800 603.983 219.316  —170.376 —9.7390
2000 284.973 421.369 825.376 614.691 247.733  —169.713 -9.9724
2100 286.430 449.940 839.316 625.058 276.304  —169.091 —10.1833
2200 287.729 478.649 852.671 635.103 305.013  —168.531 —10.3740
2300 288.891 507.482 865.487 644.843 333.846 —168.028 —10.5478
2400 289.934 536.424 877.805 654.295 362.788  —167.596 —10.7068
2500 290.874 565.465 889.660 663.474 391.829 —167.256 —10.8523
2600 291.722 594.595 901.085 672.394 420.959 —166.993 —10.9866
2700 292.490 623.807 912.109 681.070 450.171  —166.832 —11.1109
2800 293.187 653.091 922.759 689.512 479.455  —166.774 —11.2263
2900 293.822 682.442 933.059 697.734 508.806 —166.822 —11.3334
3000 294.402 711.854 943.030 705.745 538.218 —166.997 —11.4333
3100 294.932 741.321 952.692 713.556 567.685 —167.274 —11.5275
3200 295.418 770.839 962.063 721.176 597.203 —167.681 —11.6157
3300 295.865 800.403 971.161 728.614 626.767  —168.209 —11.6987
3400 296.276 830.010 979.999 735.879 656.374  —168.860 —11.7770
3500 296.656 859.657 988.593 742.977 686.021 —169.644 —11.8515
3600 297.007 889.341 996.955 749.916 715.705 —170.540 —11.9219
3700 297.332 919.058 1005.097 756.703 745.422 —171.565 —11.9891
3800 297.634 948.806 1013.031 763.345 775.170  —172.706 —12.0528
3900 297.914 978.584 1020.766 769.847 804.948 —173.959 —12.1140
4000 298.175 1008.389 1028.311 776.214 834.753 —175.334 —12.1723
4100 298.419 1038.218 1035.677 782.453 864.582 —176.800 —12.2287
4200 298.646 1068.072 1042.871 788.568 894436 —178.374 —12.2826
4300 298.858 1097.947 1049.901 794.564 924.311 —180.050 —12.3342
4400 299.057 1127.843 1056.774 800.446 954.207 —181.831 —12.3838
4500 299.244 1157.758 1063.497 806.217 984.122 —183.681 —12.4321
4600 299.419 1187.691 1070.076 811.882 1014.055 —185.605 —12.4786
4700 299.584 1217.642 1076.517 817.444 1044.006 —187.595 —12.5237
4800 299.739 1247.608 1082.826 822.907 1073.972  —189.647 —12.5676
4900 299.885 1277.589 1089.008 828.275 1103.953 —191.756 —12.6101
5000 300.022 1307.584 1095.067 833.551 1133.948 —193.978 —12.6509
5100 300.152 1337.593 1101.010 838.737 1163.957 —196.177 —12.6913
5200 300.275 1367.615 1106.840 843.837 1193.979 —198.461 —12.7302
5300 300.391 1397.648 1112.560 848.853 1224.012 —200.786 —12.7680
5400 300.501 1427.693 1118.176 853.789 1254.057 —203.150 —12.8049
5500 300.606 1457.748 1123.691 858.646 1284.112 —205.548 —12.8408
5600 300.705 1487.814 1129.109 863.428 1314.178 —207.977 —12.8759
5700 300.799 1517.889 1134.432 868.136 1344.253 —210.434 —12.9101
5800 300.888 1547.973 1139.664 872.772 1374.337 —212.916 —12.9436
5900 300.973 1578.066 1144.808 877.339 1404430 —215421 —12.9762
6000 301.054 1608.168 1149.867 881.839 1434532 —217.944 —13.0082
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TaBLE 19. Molecular properties of H5Cl;0, (2-hydroxy-2,4,6-trichloro-3,5-cyclohexadiene-1-pn¥€alues listed with bold characters were chosen for
thermodynamic calculationse=1 and statistical weight1

Enthalpy of formation Zero point energy
A¢H°(298.15 K / kcal mol* ZPE / kcal mor*

Our estimate —63.0=6

THERM®® —57.2

PM3 —64.48 50.544
PM3 UHF —65.705 49.510
AM1 —60.516 52.416
AM1 UHF —61.426 51.412

Moments of inertia of the molecule / g ém10™%°

MOPAC method la Iy lc

PM3 114.400 111 125.401 185 212.591 41
PM3 UHF 110.199 475 128.255 082 204.094 373
AM1 108.896 96 130.602 77 201.627 37
AM1 UHF 108.607 18 130.851 94 201.351 36

Reduced moment of inerfial, =0.143 38 g crix 107 %% ¢=2; V(2)=3.468 kcal mof .

Molecular vibrations / cm®

PM3 22.1 90.1 140 175 187 243
278 321 356 371 383 402

411 485 541 606 671 740

802 837 920 942 978 1090

1139 1214 1249 1329 1387 1455

1828 1838 1972 3042 3055 3873

PM3 UHF 36.1 83.3 133 164 185 245
287 331 350 362 367 395

407 491 420 609 636 743

781 835 886 909 961 1086

1145 1208 1259 1350 1394 1409

1472 1688 1954 3044 3052 3871

AM1 47.3 93.5 140 172 198 266
311 347 377 393 410 437

459 542 560 648 715 826

867 928 955 961 1065 1187

1227 1294 1362 1420 1444 1570

1812 1835 2059 3159 3175 3412

AM1 UHF 47.8 89.6 135 171 197 266
307 345 372 388 408 430

452 525 548 645 703 808

860 908 915 939 1063 1183

1228 1294 1360 1419 1442 1478

1573 1672 2040 3161 3180 3413
7.23. C4,H,4ClgO, or CgHCI;OH-CgHCI;OH 2,4,6,2,4' 6’ -hexachlorobiphenyl compound was reported

(2,4,6,2' 4’ ,6"-hexachloro-biphenyl-3,3 '-diol ) by Dorofeeva etal? as A{H°(298.15K)=43.60

+15kJmol'! (10.42+ 3.6 kcalmol') (see Tables 47 and
No experimental data are available for this molecule. Thigg).

intermediate stable species was calculated using the PM3

calculations. The three reduced moments of internal rotation

were calculated using Wang'’s program. The PM3 UHF cal- 7.24. C,H5Cl304

culations failed. The thermodynamic properties were com- (2,4,7-trichlorodibenzo-  p-dioxin-9-ol )
pared to a very rough approximation performed witisT
94 and THERM. These calculations gave very similar re-

37
sults, buttHERM®" was found to be not extrapolable by any enthalpy of formation was estimated using Dorofeeta’s

method. . additivity increments and Bozzelli's incremefftsfor the
The A¢H°(298.15 K)= —321.92:33.5 kJmol = was es-  a|coholic group, and the Cl-OH interactiotsee Tables 49
timated usingTHERM.®” The enthalpy of formation of the and 50.

There are no experimental data on this molecule. This
molecule was calculated using th@PAC PM3 method. The
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TaBLE 20. Thermodynamic properties of;B;Cl;0, (2-hydroxy-2,4,6-trichloro-3,5-cyclohexadiene-1-pii , = 213.447)

Enthalpy Reference Temperaten®, =298.15 K Standard State Pressa@=0.1 MPa
T C; H°—H°(T,) s° —[G°—H*(T)]/T H(T) AH°
(K) (3-K"-mol™ %) (3-mol™%) (3-K~L-mol™t) (3-K~t-mol™Y) (kJ-mol~1) (kJ-mol~1) log K¢
0 — —28.939 — — —292.531 —251.056 —
100 72.184 —24.249 291.769 534.257 —287.841 —258.502 118.2164
200 125.011 —14.255 358.926 430.201 —277.847 —261.979 50.2911
298.15 163.778 0.000 416.401 416.401 —263.592 —263.592 27.6991
300 164.417 0.304 417.417 416.405 —263.288 —263.612 27.4144
400 194.712 18.327 469.058 423.240 —245.265 —264.263 15.9245
500 217.859 39.008 515.109 437.094 —224.584 —264.343 9.0208
600 235.611 61.719 556.468 453.603 —201.873 —264.097 4.4201
700 249.445 86.000 593.869 471.013 —177.592 —263.621 1.1383
800 260.446 111.514 627.923 488.530 —152.078 —262.951 -1.3179
900 269.359 138.020 659.131 505.776 —125.572 —262.101 —3.2226
1000 276.698 165.334 687.903 522.569 —98.258 —261.105 —-4.7411
1100 282.816 193.319 714.571 538.827 —70.273 —259.981 —5.9783
1200 287.970 221.865 739.406 554.519 —41.727 —258.750 —7.0048
1300 292.348 250.887 762.634 569.644 —12.705 —257.443 —7.8693
1400 296.094 280.314 784.440 584.216 16.722  —256.092 —8.6059
1500 299.319 310.088 804.981 598.255 46.496  —254.697 —9.2416
1600 302.111 340.163 824.390 611.788 76.571  —253.294 —9.7945
1700 304.541 370.498 842.779 624.839 106.906  —251.898 —10.2796
1800 306.667 401.061 860.248 637.436 137.469 —250.523 —10.7084
1900 308.534 431.823 876.880 649.604 168.231  —249.180 —11.0900
2000 310.181 462.761 892.748 661.368 199.169  —247.879 —11.4313
2100 311.641 493.853 907.918 672.750 230.261 —246.631 —11.7390
2200 312.939 525.083 922.446 683.772 261.491  —245.457 -12.0171
2300 314.097 556.436 936.383 694.454 292.844  —244.351 —12.2700
2400 315.135 587.899 949.773 704.815 324.307 —243.328 —12.5009
2500 316.068 619.460 962.657 714.873 355.868 —242.409 -12.7121
2600 316.908 651.109 975.070 724.643 387.517 —241.579 —12.9065
2700 317.669 682.839 987.045 734.141 419.247  —240.862 —13.0861
2800 318.358 714.641 998.610 743.381 451.049  —240.260 —13.2525
2900 318.985 746.508 1009.793 752.376 482,916 —239.776 —13.4067
3000 319.556 778.436 1020.617 761.138 514.844  —239.429 —13.5503
3100 320.079 810.418 1031.103 769.678 546.826 —239.194 —13.6850
3200 320.557 842.450 1041.273 778.008 578.858 —239.101 —13.8109
3300 320.996 874.528 1051.144 786.136 610.936  —239.140 —13.9291
3400 321.400 906.648 1060.733 794.072 643.056  —239.310 —14.0404
3500 321.773 938.807 1070.055 801.824 675.215 —239.623 —14.1457
3600 322.117 971.002 1079.124 809.402 707.410 —240.058 —14.2449
3700 322.436 1003.230 1087.955 816.811 739.638 —240.629 —14.3393
3800 322.732 1035.488 1096.557 824.060 771.896 —241.327 —14.4287
3900 323.006 1067.775 1104.944 831.155 804.183 —242.144 —14.5140
4000 323.262 1100.089 1113.125 838.103 836.497 —243.092 —14.5950
4100 323.500 1132.427 1121.110 844.908 868.835 —244.139 —14.6729
4200 323.722 1164.788 1128.908 851.578 901.196 —245.301 —14.7472
4300 323.929 1197.171 1136.528 858.116 933.579 —246.572 —14.8180
4400 324.124 1229.574 1143.977 864.529 965.982 —247.957 —14.8860
4500 324.306 1261.995 1151.264 870.820 998.403 —249.416 —14.9517
4600 324.477 1294.434 1158.393 876.995 1030.842 —250.957 —15.0148
4700 324.637 1326.890 1165.373 883.056 1063.298 —252.571 —15.0756
4800 324.788 1359.362 1172.210 889.009 1095.770 —254.253 —15.1345
4900 324.931 1391.848 1178.908 894.857 1128.256 —255.999 —15.1913
5000 325.065 1424.347 1185.474 900.604 1160.755 —257.863 —15.2457
5100 325.192 1456.860 1191.912 906.253 1193.268 —259.711 —15.2992
5200 325.311 1489.386 1198.228 911.808 1225.794 —261.649 —15.3505
5300 325.425 1521.922 1204.426 917.271 1258.330 —263.633 —15.4003
5400 325.532 1554.470 1210.510 922.645 1290.878 —265.663 —15.4487
5500 325.633 1587.029 1216.484 927.933 1323.437 —267.732 —15.4956
5600 325.730 1619.597 1222.352 933.138 1356.005 —269.836 —15.5411
5700 325.821 1652.174 1228.118 938.263 1388.582 —271.973 —15.5855
5800 325.908 1684.761 1233.786 943.309 1421.169 —274.141 —15.6286
5900 325.991 1717.356 1239.357 948.280 1453.764 —276.335 —15.6705
6000 326.070 1749.959 1244.837 953.177 1486.367 —278.551 —15.7115
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TaBLE 21. Molecular properties of §6,CIO- (o-chlorophenoxy radical Values listed with bold characters were chosen for thermodynamic calculations—
o=1 and statistical weight 2

Enthalpy of formation Zero point energy
A¢H°(298.15 K / kcal mol'* ZPE |/ kcal mor?t
NIST 94% 4.3*1
PM3 6.55 51.140
PM3 UHF —-3.61 53.320
AM1 9.23 53.320
AM1 UHF —1.54 52.782

Moments of inertia of the molecule / g ém10™%°

MOPAC method la Iy le

PM3 27.150 747 53.253 064 80.403 743
PM3 UHF 27.256 96 53.622 64 80.8796
AM1 27.64504 53.942 85 81.587 89
AM1 UHF 27.72474 54.230 74 81.955 485

Molecular vibrations / cm*

PM3 97.8 218 246 370 412 432
525 552 689 697 778 868
871 959 1001 1025 1090 1132
1151 1178 1269 1392 1417 1603
1739 1864 3046 3050 3067 3075
PM3 UHF 89.0 208 243 374 390 410
520 546 669 680 748 838
860 906 948 1026 1093 1123
1147 1187 1380 1391 1413 1567
1609 1775 3049 3051 3065 3073
AM1 88.5 227 266 408 428 435
547 588 708 756 812 906
927 969 999 1124 1158 1200
1225 1271 1322 1438 1467 1628
1732 1957 3169 3173 3183 3192
AM1 UHF 87.5 216 264 407 409 419
544 582 682 750 782 869
920 925 954 1121 1158 1199
1220 1277 1434 1449 1473 1585
1627 1838 3173 3177 3185 3194
725 C12H5C|402‘ 727 ’C12H5C|403
(2,4-dichlorophenoxy-1 ’,3’-dichlorophenyl- (1,3,-dichloro-2-ol-3-yl-1,4-cyclohexadiene-
6-6'-ether radical ) p-dioxin-6,8-dichlorobenzene radical )

This radical is apparently more stable than its parent mol- This is a second configuration of the forn{@r26) radical.
ecule G,HgCl,0,. The AM1 UHF calculation failed. The The PM3, PM3, UHF, and AM1 UHF were successful. The
enthalpy of formation was calculated from thesT 94° es-  AM1 failed. A very rough estimate of its enthalpy of forma-
timate to which Dorofeeva’s increments for 1,3-Cl tion was made using Dorofeev&@sand Bozzelli’4® incre-
interactiori® were addedsee Tables 51 and 52 ments(see Tables 55 and k6

7.28. C1,H5Cl50,
7.26. C4,H5CI,O5- (2,4-dichlorophenol-1 ’,3’,5'-trichlorophenyl-
(1,3-dichloro-1-ol-2-yl-3,5,-cyclohexadiene- 6-6'-ether-Cl ,CgH,(OH)-0O-C4zH,Cl;) (PD)

p-dioxin-6,8-dichlorobenzen radical ) )
This chloro phenyl-phenol ether that belongs to the group

It is not clear whether this radical really exists or it is only of compounds known in the literature under the abbreviation
a transition state. Nevertheless the PM3, PM3 UHF, AM1,PD, was calculated using theopac PM3 method. Its en-
and AM1 UHF were successful calculations. A very roughthalpy of formation was estimated using thesT 94%°
estimate of its enthalpy of formation was made according tastimate-the Dorofeevd® 1,3-Cl corrections the Bozzelli
Dorofeevad® and Bozzelli'4® increments(see Tables 53 and ortho CI-OH correction§Wu et al*%) (see Tables 57 and
54). 58).
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TaBLE 22. Thermodynamic properties of;&,CIO- (o-chlorophenoxy radical(M,= 127.550)

Enthalpy Reference Temperate€, =298.15 K Standard State Pressap@=0.1 MPa
T C; H°—H°(T,) S° —[G°—H(T)]/T H(T) AH°
(K) (3-K~t-mol™ %) (3-mol™ %) (3-K~t-mol™Y) (3-K~L-mol™Y) (kJ-mol™1) (kJ-mol™1) log K
0 — —19.751 — — —1.760 30.428 —
100 50.545 —15.788 267.573 425.453 2.203 25.118 —19.4234
200 79.670 -9.311 311.314 357.867 8.681 21.271 —13.2694
298.15 109.954 0.000 348.788 348.788 17.991 17.991 -11.5664
300 110.511 0.204 349.470 348.790 18.195 17.935 —11.5469
400 138.559 12.695 385.210 353.473 30.686 15.255 —-10.8214
500 161.671 27.748 418.705 363.208 45.740 13.188 —10.4493
600 180.123 44.873 449.876 375.088 62.864 11594 -10.2331
700 194.896 63.650 478.792 387.863 81.642 10.397 —10.0963
800 206.885 83.760 505.626 400.927 101.751 9.554 —10.0035
900 216.751 104.957 530.582 413.963 122.948 9.032  —9.9362
1000 224.962 127.055 553.857 426.802 145.046 8.778  —9.8846
1100 231.854 149.905 575.630 439.353 167.897 8.756  —9.8430
1200 237.682 173.390 596.061 451.569 191.381 8.922  —9.8081
1300 242.640 197.413 615.287 463.431 215.404 9.236  —9.7780
1400 246.880 221.894 633.428 474.932 239.886 9.650 —9.7506
1500 250.526 246.769 650.588 486.075 264.760 10.154  —9.7264
1600 253.677 271.983 666.860 496.870 289.974 10.706  —9.7038
1700 256.413 297.491 682.323 507.328 315.482 11.284  —9.6827
1800 258.799 323.254 697.048 517.463 341.245 11.873  —9.6629
1900 260.890 349.241 711.098 527.287 367.232 12.456  —9.6443
2000 262.731 375.424 724.528 536.816 393.415 13.021  —9.6266
2100 264.357 401.780 737.386 546.063 419.771 13.558 —9.6102
2200 265.800 428.289 749.718 555.041 446.280 14.046  —9.5945
2300 267.084 454.934 761.562 563.765 472.926 14.493  —9.5798
2400 268.233 481.701 772.954 572.245 499.693 14.883  —9.5662
2500 269.263 508.577 783.925 580.494 526.568 15.199  —9.5528
2600 270.189 535.550 794.504 588.523 553.542 15.457  —9.5404
2700 271.026 562.612 804.717 596.342 580.603 15.634  —9.5290
2800 271.783 589.753 814.588 603.962 607.744 15.734  —9.5183
2900 272.471 616.966 824.137 611.390 634.958 15.751  —9.5080
3000 273.097 644.245 833.385 618.637 662.236 15.669  —9.4983
3100 273.668 671.584 842.349 625.709 689.575 15,516  —9.4899
3200 274.191 698.977 851.046 632.616 716.968 15.260 —9.4817
3300 274.671 726.421 859.491 639.364 744.412 14912  —9.4742
3400 275.111 753.910 867.697 645.959 771.901 14471  —9.4673
3500 275.517 781.442 875.678 652.409 799.433 13.927 —9.4612
3600 275.892 809.013 883.445 658.719 827.004 13.295 —9.4554
3700 276.239 836.619 891.009 664.896 854.611 12.559  —9.4505
3800 276.560 864.259 898.380 670.943 882.251 11.728  —9.4458
3900 276.858 891.931 905.568 676.868 909.922 10.805  —9.4420
4000 277.135 919.630 912.581 682.673 937.622 9.774  —9.4383
4100 277.393 947.357 919.427 688.365 965.348 8.664  —9.4356
4200 277.634 975.108 926.115 693.946 993.100 7.455  —9.4332
4300 277.858 1002.883 932.650 699.421 1020.874 6.147  —9.4310
4400 278.069 1030.680 939.040 704.795 1048.671 4732 —9.4292
4500 278.266 1058.496 945.292 710.070 1076.487 3.246  —9.4282
4600 278.451 1086.332 951.410 715.250 1104.323 1.677 —9.4276
4700 278.624 1114.186 957.400 720.339 1132.177 0.030 —9.4274
4800 278.787 1142.057 963.268 725.339 1160.048 —1.696 —9.4278
4900 278.941 1169.943 969.018 730.254 1187.934 —3.498 —9.4285
5000 279.086 1197.845 974.654 735.086 1215.836 —5.434 —9.4291
5100 279.223 1225.760 980.182 739.837 1243.751 —7.375 —9.4309
5200 279.352 1253.689 985.606 744512 1271.680 —9.427 —9.4325
5300 279.474 1281.630 990.928 749.111 1299.621 —11.552 —9.4345
5400 279.590 1309.584 996.153 753.638 1327.575 —13.748 —9.4368
5500 279.699 1337.548 1001.284 758.094 1355.539 —16.012 —9.4395
5600 279.803 1365.523 1006.325 762.482 1383.514 —18.346 —9.4423
5700 279.902 1393.508 1011.278 766.803 1411.500 —20.744 —9.4456
5800 279.995 1421.503 1016.147 771.060 1439.494 —23.207 —9.4491
5900 280.084 1449.507 1020.934 775.255 1467.499 —25.731 —9.4527
6000 280.169 1477.520 1025.642 779.389 1495511 —28.314 —9.4567
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TaBLE 23. Molecular properties 0fCgH,ClO (2,5-cyclohexadiene-2-chloro-1-one-4-Walues listed with bold characters were chosen for thermodynamic
calculations—e-=1 and statistical weight 2

Enthalpy of formation Zero point energy
A¢H°(298.15 K / kcal mol? ZPE |/ kcal mor?t
Thernt* 16.19+15
PM3 6.56 51.203
PM3 UHF -3.621 50.552
AM1 9.48 53.328

Moments of inertia of the molecule / g ém102°

MOPAC method la I I

PM3 27.258 929 53.038 78 80.277 364
PM3 UHF 27.322 419 53.516 78 80.838 894
AM1 27.666 032 53.50141 81.164 006

Molecular vibrations / cm®

PM3 88.5 218 247 370 412 432

522 554 689 698 778 869

870 959 1001 1025 1089 1132

1151 1178 1269 1392 1419 1602

1746 1869 3048 3050 3065 3075

PM3 UHF 85.6 207 243 374 389 410

519 546 667 679 747 837

860 905 947 1026 1092 1123

1147 1187 1379 1391 1412 1567

1610 1777 3049 3052 3064 3073

AM1 90.2 220 269 411 421 435

550 588 710 765 801 898

923 960 990 1126 1152 1193

1228 1265 1323 1430 1468 1617

1740 1932 3191 3194 3203 3211

7.29. C,HgCI, 0O, lated from experimental vibrations supplied by Dorofééva

(2,4-dichlorophenol-1 ',3’-dichlorophenyl- and the enthalpy of formation supplied by Chirio.
6-2'-ether) A{H°(298.15 K)=55.2 kI mol 1.%° The IR spectrurff was

) ] ] ) published after the revisions to this paper were finis{sed
It is not clear that this species exists. Only PM3 CaICUIa'Tables 61 and 62

tions were successful, AM1 calculation resulted in a transi-

tion state and the PM3 UHF and AM1 UHF calculations,

both failed. Like the PD species we roughly estimated the 7.31. C1oHgOo
enthalpy of formation by calculating theist 94°° estimate (dibenzo- p-dioxin ) (DD)
and correcting it for the 1,3 Cl interaction according to Doro-
feeva etal® and the CI-OH interaction according to
Bozzell*® (see Tables 59 and B0

This compound was published by Dorofeataal *° based
on group additivity methods. The species here is calculated
using experimental vibrations supplied by Dorofe&Vand
her calculated moments of inertia. The PM3 calculations are

7.30. C,HgO brought for comparison purposgs. _
(dibenzofuran ) (DF) Th;a9 enthalpy of formation is estimated by Dorofeeva
et al: and recommended by NIST 20662

Dibenzofuran was calculated by Dorofeestal,®® using ~ A;H°(298.15 K)/kJ mol '= —59.2+ 3.8 (see Tables 63 and

group additivity methods. In our case the species was calcl64).
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TaBLE 24. Thermodynamic properties e6€4H,CIO (2,5-cyclohexadiene-2-chloro-1-one-4-yM,= 127.550)

Enthalpy Reference Temperatet€, =298.15 K Standard State Pressap@=0.1 MPa
T C; H°—H°(T,) S° —[G°—H(T)]/T H(T) AH°
(K) (3-K~t-mol™ %) (3-mol™ %) (3-K~t-mol™Y) (3-K~L-mol™Y) (kJ-mol™1) (kJ-mol™1) log K
0 — —19.797 — — 47.942 80.130 —
100 50.744 —15.802 262.514 420.530 51.937 74.852 —45.6655
200 79.726 -9.313 306.336 352.903 58.426 71.016 —26.5212
298.15 109.949 0.000 343.821 343.821 67.739 67.739  —20.5412
300 110.505 0.204 344.503 343.824 67.943 67.683  —20.4680
400 138.454 12.689 380.229 348.505 80.428 64.997 —-17.5771
500 161.461 27.727 413.689 358.235 95.466 62.914  —15.9061
600 179.840 44.827 444815 370.103 112.566 61.295  —14.8243
700 194.577 63.574 473.684 382.864 131.313 60.068 —14.0696
800 206.559 83.651 500.475 395.912 151.390 59.193  —13.5136
900 216.434 104.816 525.393 408.931 172.555 58.639  —13.0863
1000 224.662 126.883 548.635 421.752 194.622 58.354  —12.7468
1100 231.576 149.704 570.381 434.286 217.443 58.302 —12.4700
1200 237.427 173.162 590.788 446.486 240.901 58.442  —12.2390
1300 242.406 197.161 609.995 458.333 264.900 58.731 —12.0431
1400 246.667 221.620 628.119 469.819 289.359 59.123  —11.8737
1500 250.332 246.474 645.265 480.949 314.213 59.607 —11.7265
1600 253.500 271.670 661.525 491.731 339.409 60.141  —11.5963
1700 256.251 297.160 676.978 502.177 364.899 60.702  —11.4802
1800 258.651 322.908 691.694 512.301 390.647 61.275 —11.3761
1900 260.754 348.881 705.736 522.115 416.620 61.844 —11.2821
2000 262.605 375.050 719.159 531.634 442.789 62.396 —11.1965
2100 264.241 401.394 732.012 540.872 469.133 62.920 —11.1187
2200 265.692 427.893 744.339 549.842 495.631 63.398 —11.0472
2300 266.985 454528 756.178 558.557 522.267 63.834 —10.9816
2400 268.141 481.285 767.566 567.030 549.024 64.214  —10.9212
2500 269.177 508.152 778.533 575.273 575.891 64.521 —10.8650
2600 270.109 535.117 789.109 583.295 602.856 64.771  —10.8130
2700 270.951 562.171 799.319 591.108 629.910 64.941  —10.7649
2800 271.713 589.305 809.187 598.721 657.043 65.033 —10.7201
2900 272.405 616.511 818.734 606.144 684.250 65.043 —10.6780
3000 273.035 643.784 827.980 613.385 711.522 64.955 —10.6387
3100 273.610 671.116 836.942 620.453 738.855 64.796  —10.6026
3200 274.136 698.504 845.637 627.355 766.243 64.534 —10.5686
3300 274.619 725.942 854.080 634.098 793.681 64.181 —10.5366
3400 275.063 753.426 862.285 640.689 821.165 63.736  —10.5068
3500 275.471 780.953 870.265 647.135 848.692 63.186 —10.4791
3600 275.848 808.520 878.030 653.441 876.259 62.549  —10.4529
3700 276.197 836.122 885.593 659.614 903.861 61.810 —10.4286
3800 276.520 863.758 892.963 665.655 931.497 60.975 —10.4056
3900 276.820 891.425 900.150 671.579 959.164 60.048 —10.3845
4000 277.099 919.121 907.162 677.381 986.860 59.013  —10.3643
4100 277.359 946.845 914.007 683.070 1014.583 57.900 —10.3460
4200 277.601 974.593 920.694 688.648 1042.332 56.687 —10.3286
4300 277.827 1002.364 927.229 694.121 1070.103 55.376 —10.3122
4400 278.039 1030.158 933.618 699.492 1097.897 53.958 —10.2968
4500 278.237 1057.971 939.869 704.764 1125.710 52.469 —10.2828
4600 278.423 1085.805 945.986 709.942 1153.544 50.897 —10.2697
4700 278.598 1113.656 951.976 715.028 1181.395 49.247  —10.2576
4800 278.762 1141.524 957.843 720.026 1209.263 47519 —10.2467
4900 278.917 1169.408 963.593 724.938 1237.147 45715 —10.2365
5000 279.063 1197.307 969.229 729.768 1265.046 43.775 —10.2266
5100 279.200 1225.220 974.756 734.517 1292.959 41.833 —10.2183
5200 279.330 1253.147 980.179 739.190 1320.886 39.778 —10.2102
5300 279.453 1281.086 985.501 743.787 1348.825 37.652 —10.2029
5400 279.569 1309.037 990.726 748.312 1376.776 35.454 —10.1962
5500 279.680 1337.000 995.857 752.766 1404.738 33.187 —10.1902
5600 279.784 1364.973 1000.897 757.152 1432.712 30.852  —10.1847
5700 279.883 1392.956 1005.850 761.472 1460.695 28.451 —10.1799
5800 279.978 1420.949 1010.719 765.727 1488.688 25987 —10.1756
5900 280.067 1448.952 1015.505 769.920 1516.691 23.461 —10.1718
6000 280.153 1476.963 1020.213 774.053 1544.702 20.876  —10.1685
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TaBLE 25. Molecular properties 0fCgH,ClO (2,4-cyclohexadiene-6-chloro-1-one-2-Walues listed with bold characters were chosen for thermodynamic
calculations—e-=1 and statistical weight 2

Enthalpy of formation Zero point energy
MOPAC method A¢H°(298.15 K / kcal mol'* ZPE |/ kcal mor?t
Our estimate 55.0+30
PM3 44.97 51.520
PM3 UHF 36.68 50.390
AM1 49.90 53.664

Moments of inertia of the molecule / g ém102°

MOPAC method la I le

PM3 31.083 57 49.937 92 74.566 00
PM3 UHF 31.066 28 49.999 49 74.633 86
AM1 31.33285 49.856 11 74.861 38

Molecular vibrations / cm®

PM3 54.3 199.4 214 339 429 462
503 577 632 752 829 840
908 940 994 1022 1073 1122
1131 1147 1297 1315 1416 1824
1914 1986 2906 3048 3073 3094
PM3 UHF 47.7 164 207 316 403 454
494 562 619 730 797 830
856 922 955 1010 1066 1111
1124 1141 1280 1299 1368 1605
1823 1964 2904 3045 3068 3085
AM1 36 220 240 360 431 490
527 605 706 783 870 896
937 987 1012 1090 1138 1155
1192 1213 1359 1360 1441 1883
1919 2017 3046 3191 3211 3226
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TaBLE 26. Thermodynamic properties e€4H,CIO (2,4-cyclohexadiene-6-chloro-1-one-2-yM = 127.550)

Enthalpy Reference Temperatei®, =298.15 K Standard State Pressapp=0.1 MPa
T C;; H°—H°(T,) S° —[G°—H*(T)]/T H(T) AH?
(K) (3-K -mol™ %) (3-mol™ %) (3-K~t-mol™Y) (3-K~t-mol™Y) (kJ-mol™1) (kJ-mol™ 1) log K;

0 — —20.158 — — 209.962 242.149 —
100 52.759 —15.961 267.165 426.773 214.159 237.074 —130.1564
200 80.356 —9.349 311.903 358.646 220.771 233.362 —68.6297
298.15 110.114 0.000 349.538 349.538 230.120 230.120  —48.6903
300 110.664 0.204 350.221 349.540 230.324 230.064 —48.4417
400 138.280 12.689 385.948 354.224 242.809 227.378 —38.4827
500 160.972 27.693 419.334 363.947 257.813 225.261 —32.5711
600 179.153 44.733 450.350 375.795 274.853 223.582 —28.6631
700 193.816 63.407 479.107 388.526 293.527 222.282 —25.8906
800 205.806 83.407 505.796 401.537 313.527 221.330 —23.8219
900 215.733 104.499 530.628 414517 334.619 220.704  —22.2186

1000 224.030 126.500 553.800 427.300 356.620 220.352  —20.9387
1100 231.016 149.262 575.489 439.796 379.382 220.241  —19.8928
1200 236.933 172.667 595.851 451.961 402.787 220.328  —19.0211
1300 241.972 196.619 615.020 463.774 426.739 220.571  —18.2833
1400 246.286 221.038 633.114 475.230 451.158 220.922  —17.6494
1500 249.996 245.856 650.235 486.331 475.976 221.370  —17.0998
1600 253.202 271.020 666.475 497.087 501.140 221.872 —16.6176
1700 255.986 296.483 681.910 507.509 526.603 222405 —16.1910
1800 258.415 322.205 696.612 517.609 552.325 222954  —15.8109
1900 260.542 348.155 710.642 527.403 578.275 223500 —15.4700
2000 262.414 374.305 724.055 536.902 604.425 224.032 —15.1621
2100 264.069 400.631 736.899 546.122 630.751 224538 —14.8834
2200 265.536 427.113 749.218 555.076 657.233 224999  —14.6292
2300 266.842 453.733 761.051 563.776 683.853 225420  —14.3967
2400 268.010 480.477 772.433 572.234 710.597 225.787  —14.1835
2500 269.057 507.331 783.395 580.463 737.451 226.081  —13.9865
2600 269.999 534.284 793.967 588.473 764.404 226.320  —13.8047
2700 270.849 561.328 804.173 596.273 791.448 226.479  —13.6364
2800 271.619 588.452 814.037 603.876 818.572 226.561  —13.4800
2900 272.317 615.649 823.581 611.288 845.769 226.562  —13.3341
3000 272.953 642.913 832.824 618.519 873.033 226.465  —13.1978
3100 273.534 670.238 841.783 625.578 900.358 226.298  —13.0710
3200 274.065 697.618 850.476 632.470 927.738 226.029  —12.9519
3300 274.552 725.049 858.917 639.205 955.169 225670 —12.8401
3400 274.999 752.527 867.120 645.789 982.647 225.217  —12.7350
3500 275.412 780.048 875.098 652.227 1010.168 224661  —12.6365
3600 275.792 807.608 882.862 658.526 1037.728 224.019  —12.5433
3700 276.144 835.205 890.423 664.692 1065.325 223.274  —12.4558
3800 276.470 862.836 897.792 670.729 1092.956 222.434  —-12.3728
3900 276.772 890.499 904.977 676.644 1120.619 221502  —12.2947
4000 277.054 918.190 911.988 682.440 1148.310 220.462  —12.2205
4100 277.316 945.909 918.832 688.123 1176.029 219.345  —12.1507
4200 277.560 973.653 925.518 693.696 1203.773 218.128  —12.0844
4300 277.788 1001.420 932.052 699.163 1231.540 216.813  —12.0213
4400 278.002 1029.210 938.440 704.529 1259.330 215391  —11.9613
4500 278.202 1057.020 944.690 709.797 1287.140 213.899  —11.9048
4600 278.389 1084.850 950.807 714.970 1314.970 212.323  —11.8510
4700 278.565 1112.698 956.796 720.052 1342.818 210.670  —11.7999
4800 278.731 1140.562 962.662 725.045 1370.682 208.939 —11.7515
4900 278.887 1168.443 968.411 729.953 1398.563 207.131 —11.7054
5000 279.034 1196.340 974.047 734.779 1426.460 205.189 —11.6611
5100 279.173 1224.250 979.574 739.525 1454.370 203.244  —11.6198
5200 279.304 1252.174 984.996 744.194 1482.294 201.187 —11.5799
5300 279.428 1280.111 990.318 748.787 1510.231 199.058  —11.5420
5400 279.545 1308.059 995.542 753.309 1538.179 196.857  —11.5059
5500 279.656 1336.019 1000.672 757.760 1566.139 194588 —11.4715
5600 279.762 1363.990 1005.712 762.142 1594.110 192.250 —11.4386
5700 279.862 1391.972 1010.665 766.459 1622.092 189.848 —11.4074
5800 279.957 1419.962 1015.533 770.712 1650.082 187.381  —11.3776
5900 280.047 1447.963 1020.319 774.902 1678.083 184.853  —11.3492
6000 280.133 1475.972 1025.027 779.032 1706.092 182.267  —11.3221
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TaBLE 27. Molecular properties of &,Cl,O (2,4-dichlorophendl Values listed with bold characters were chosen for thermodynamic calculatieast—
and statistical weight 1

Enthalpy of formation Zero point energy
A{H°(298.15 K / kcal mol™* ZPE / kcal mor*

DaSilve*® —37.356:0.45

Therga’ —35.28:—33.6P

PM3 —33.22 54.165
PM3 UHF —-33.32 53.801
AM1 —32.37 55.561
AM1 UHF —32.74 55.081

@Benson’s method.
Yoneda’'s method.
Moments of inertia of the molecule / g éx 10 3°

MOPAC method la L le

PM3 39.337 99 97.932 12 137.269 994
PM3 UHF 39.362 810 98.027 240 137.390 046
AM1 39.520 133 99.691 264 139.211 394
AM1 UHF 39.553 990 99.881 983 139.435 969

Reduced moment of inerfil, =0.1364g cn?X 107 %% o=2; V(2)=1116.8cm 1.

Molecular vibrations / cm®

Ir2e 509 551 656
726 772 813 866 939 1058
1079 1097 1191 1282 1331 1408
1481 1582 1628 1736 1876 3078
3302 3582 3651
PM3 95.0 184 203 277 285 306
366 403 482 514 533 616
741 771 814 874 931 999
1089 1141 1159 1195 1301 1393
1426 1557 1611 1775 1782 3054
3058 3076 3858
PM3 UHF 92 183 202 268 285 288
366 402 474 508 532 613
728 770 803 869 919 985
1084 1140 1157 1170 1301 1376
1419 1546 1595 1744 1748 3056
3061 3076 3858
AM1 89.8 188 219 273 298 301
413 443 393 545 566 681
731 840 884 933 953 995
1180 1205 1253 1293 1361 1464
1475 1598 1666 1760 1764 3178
3179 3197 3408
AM1 UHF 87 180 218 264 201 300
411 441 476 530 563 677
705 823 882 924 932 975
1175 1206 1251 1268 1379 1446
1474 1584 1647 1714 1731 3180
3181 3196 3410
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TaBLE 28. Thermodynamic properties of8,Cl,O (2-4-dichlorophengl (M, = 163.003)

Enthalpy Reference Temperate€, =298.15 K Standard State Pressap@=0.1 MPa
T C; H°—H°(T,) S° —[G°—H(T)]/T H(T) AH°
(K) (3-K~t-mol™ %) (3-mol™ %) (3-K~t-mol™Y) (3-K~L-mol™Y) (kJ-mol™1) (kJ-mol™1) log K
0 — —22.740 — — —179.040 —142.262 —
100 54.866 —18.831 269.293 457.601 -175.131 —149.081 66.7203
200 96.598 —11.190 320.589 376.537 —167.490 —153.284 27.3193
298.15 130.408 0.000 365.660 365.660 —156.300 —156.300 14.0231
300 130.988 0.242 366.469 365.663 —156.058 —156.350 13.8543
400 159.360 14.808 408.178 371.158 —141.492 —158.690 7.0004
500 182.088 31.925 446.278 382.429 —124.375 —160.479 2.8331
600 200.043 51.066 481.128 396.017 —105.234 —161.872 0.0274
700 214.324 71.811 513.078 410.491 —84.489 —162.938 —1.9923
800 225.875 93.841 542.477 425.176 —62.459 —163.711 —3.5159
900 235.389 116.918 569.648 439.738 —39.382 —164.211 —4.7055
1000 243.344 140.866 594.872 454.006 —15.434 —164.484 —5.6593
1100 250.075 165.547 618.390 467.893 9.247  —164.553 —6.4406
1200 255.820 190.849 640.402 481.361 34549  —164.450 —7.0916
1300 260.758 216.684 661.078 494.398 60.384 —164.210 —7.6421
1400 265.027 242.978 680.562 507.007 86.678  —163.875 —8.1126
1500 268.734 269.670 698.977 519.197 113.370 —163.449 —8.5201
1600 271.969 296.709 716.426 530.983 140.409 —162.972 —8.8754
1700 274.802 324.051 733.001 542.383 167.751  —162.465 —9.1879
1800 277.294 351.658 748.780 553.415 195.358 —161.942 —9.4648
1900 279.493 379.500 763.833 564.096 223.200 —161.419 -9.7117
2000 281.442 407.548 778.220 574.445 251.248 —160.908 —9.9330
2100 283.175 435.781 791.994 584.479 279.481  —160.422 —10.1330
2200 284.720 464.177 805.204 594.214 307.877 —159.981 —10.3140
2300 286.104 492.720 817.891 603.665 336.420 —159.579 —10.4789
2400 287.346 521.393 830.094 612.847 365.093  —159.235 —10.6300
2500 288.464 550.185 841.847 621.773 393.885 —158.966 —10.7683
2600 289.475 579.082 853.181 630.457 422.782  —158.759 —10.8959
2700 290.390 608.076 864.123 638.910 451.776  —158.639 —11.0141
2800 291.221 637.158 874.699 647.143 480.858  —158.603 —11.1239
2900 291.978 666.318 884.932 655.167 510.018  —158.659 —11.2257
3000 292.668 695.551 894.842 662.992 539.251 —158.824 —11.3207
3100 293.300 724.850 904.449 670.627 568.550 —159.072 —11.4103
3200 293.880 754.209 913.771 678.080 597.909 —159.435 —11.4941
3300 294.412 783.624 922.822 685.360 627.324  —159.903 —11.5730
3400 294.902 813.090 931.618 692.474 656.790 —160.476 —11.6475
3500 295.355 842.603 940.174 699.430 686.303 —161.167 —11.7183
3600 295.773 872.160 948.500 706.233 715.860 —161.958 —11.7851
3700 296.161 901.757 956.609 712.891 745.457  —162.863 —11.8489
3800 296.520 931.391 964.512 719.409 775.091 —163.875 —11.9094
3900 296.854 961.060 972.219 725.793 804.760 —164.988 —11.9675
4000 297.165 990.761 979.738 732.048 834.461 —166.218 —12.0228
4100 297.455 1020.493 987.080 738.179 864.193 —167.532 —12.0762
4200 297.726 1050.252 994.251 744191 893.952 —168.951 —12.1273
4300 297.979 1080.037 1001.260 750.088 923.737 —170.471 —12.1761
4400 298.216 1109.847 1008.113 755.875 953.547 —172.098 —12.2231
4500 298.438 1139.680 1014.817 761.555 983.380 —173.796 —12.2688
4600 298.647 1169.534 1021.379 767.132 1013.234 —175.575 —12.3128
4700 298.843 1199.409 1027.803 772.610 1043.109 —177.427 —12.3555
4800 299.027 1229.302 1034.097 777.992 1073.002 —179.350 —12.3970
4900 299.201 1259.214 1040.265 783.282 1102.914 —181.343 —12.4372
5000 299.365 1289.142 1046.311 788.483 1132.842 —183.460 —12.4757
5100 299.520 1319.086 1052.241 793.596 1162.786 —185.570 —12.5140
5200 299.666 1349.046 1058.058 798.626 1192.746  —187.779 —12.5507
5300 299.804 1379.019 1063.768 803.575 1222.719 —190.046 —12.5865
5400 299.936 1409.006 1069.373 808.446 1252.706 —192.370 —12.6215
5500 300.060 1439.006 1074.878 813.240 1282.706 —194.747 —12.6555
5600 300.178 1469.018 1080.285 817.961 1312.718 —197.175 —12.6887
5700 300.290 1499.042 1085.599 822.610 1342.742 —199.651 —12.7212
5800 300.396 1529.076 1090.823 827.189 1372.776  —202.173 —12.7530
5900 300.497 1559.121 1095.959 831.701 1402.821 —204.738 —12.7840
6000 300.594 1589.175 1101.010 836.148 1432.875 —207.341 —12.8144
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TaBLE 29. Molecular properties of g15CIO (o-chlorophendl Values listed with bold characters were chosen for thermodynamic calculatieast-and
statistical weight 1

Enthalpy of formation Zero point energy

A¢H°(298.15 K / kcal mol™* ZPE / kcal mor*
NIST 94° —29.4+1.0
Shauls® —31.11
Thergad’ —27.9%,-27.97
PM3 —28.15 59.905
AM1 —28.666 61.390
AM1 UHF —28.84 61.050

@Benson’s method.
Yoneda’'s method.
Moments of inertia of the molecule / g éx 10 3°

MOPAC method la Iy le

PM3 28.5786 53.444 47 82.023 07
AM1 28.89843 54.041 4 82.939 83
AM1 UHF 28.96205 54.087 3 83.049 36

Reduced moment of inerfiil, =0.1364g cn?X 10 %% o=2; V(2)=1116.8cm ..

Molecular vibrations / cm®

Ir?8 494 553 680 746
842 924 1027 1054 1125
1196 1245 1288 1326 1381 1479
1588 1669 1767 3052 3084
3326 3569 3650
PM3 137 2475 263 299 378 421
487 496 564 697 703 782
875 890 961 1007 1073 1114
1151 1168 1195 1294 1395 1423
1565 1609 1779 1789 3055 3060
3069 3079 3859
AM1 138.6 256 262 305 412 445
497 523 601 700 770 818
913 934 972 1000 1155 1175
1201 1252 1282 1362 1472 1475
1603 1667 1770 1775 3183 3186
3195 3202 3421
AM1 UHF 135.6 250 261.5 299 410 436
485 521 598 684 766 807
899 928 958 986 1151 1168
1199 1234 1279 1370 1458 1471
1591 1653 1734 1742 3185 3186
3195 3202 3422

J. Phys. Chem. Ref. Data, Vol. 32, No. 2, 2003



482 BURCAT, KHACHATRYAN, AND DELLINGER

TaBLe 30. Thermodynamic properties of;85CIO (o-chlorophenal (M,=128.557)

Enthalpy Reference Temperater€, =298.15 K Standard State Pressap@=0.1 MPa
T C; H°—H°(T,) S° —[G°—H(T)]/T H(T) AH°
(K) (3-K~t-mol™ %) (3-mol™ %) (3-K~t-mol™Y) (3-K~L-mol™Y) (kJ-mol™1) (kJ-mol™1) log K
0 — —20.507 — — —143.517 —107.095 —
100 47.903 —16.844 256.988 425.428 —139.854 —114.204 50.1657
200 86.240 —10.104 302.172 352.690 —133.113 —119.135 19.8038
298.15 118.897 0.000 342.841 342.841 —123.010 —123.010 9.4122
300 119.471 0.220 343.578 342.843 —122.789 —123.075 9.2793
400 148.002 13.636 381.974 347.885 —109.374 —126.284 3.8564
500 171.422 29.649 417.610 358.312 —93.361 —128.853 0.5258
600 190.178 47.764 450.586 370.979 —75.246 —130.921 —1.7350
700 205.252 67.562 481.075 384.557 —55.448 —132.566 —3.3732
800 217.567 88.723 509.313 398.409 —34.287 —133.834 —4.6158
900 227.805 111.006 535.547 412.207 —12.003 —134.756 —5.5901
1000 236.440 134.231 560.008 425.778 11.221  —135.387 —6.3740
1100 243.798 158.252 582.897 439.032 35.242  —135.758 —7.0179
1200 250.117 182.956 604.388 451.925 59.946 —135.911 —7.5554
1300 255.574 208.247 624.629 464.439 85.237  —135.890 —8.0108
1400 260.309 234.046 643.747 476.571 111.037  —135.739 —8.4002
1500 264.434 260.288 661.850 488.325 137.279  —135.473 —8.7379
1600 268.041 286.916 679.034 499.711 163.906  —135.132 —9.0326
1700 271.207 313.882 695.381 510.745 190.872  —134.742 —9.2916
1800 273.996 341.145 710.963 521.438 218.135 —134.321 —9.5213
1900 276.461 368.670 725.845 531.808 245660 —133.885 —9.7261
2000 278.647 396.428 740.082 541.868 273.418  —133.450 —9.9096
2100 280.592 424.391 753.725 551.634 301.382  —133.029 —10.0755
2200 282.329 452.539 766.819 561.120 329.529 —132.641 —10.2256
2300 283.884 480.851 779.404 570.338 357.842 —132.283 —10.3623
2400 285.282 509.311 791.516 579.303 386.301 —131.971 —10.4876
2500 286.541 537.903 803.188 588.027 414893 —131.724 —10.6021
2600 287.678 566.615 814.449 596.520 443.605 —131.526 —10.7078
2700 288.709 595.435 825.326 604.794 472425 —131.402 —10.8058
2800 289.645 624.353 835.842 612.859 501.344  —131.349 —10.8967
2900 290.498 653.361 846.021 620.725 530.352 —131.374 —10.9810
3000 291.276 682.450 855.883 628.400 559.441  —131.494 —11.0596
3100 291.989 711.614 865.446 635.893 588.605 —131.681 —11.1339
3200 292.642 740.846 874.727 643.212 617.837 —131.969 —11.2032
3300 293.242 770.141 883.741 650.365 647.131  —132.346 —11.2685
3400 293.795 799.493 892.503 657.358 676.483 —132.815 —11.3302
3500 294.306 828.898 901.027 664.199 705.889  —133.388 —11.3888
3600 294.778 858.353 909.325 670.893 735.343  —134.048 —11.4440
3700 295.215 887.853 917.407 677.447 764.843 —134.811 —11.4969
3800 295.620 917.395 925.286 683.866 794.385 —135.671 —11.5470
3900 295.997 946.976 932.970 690.155 823.966 —136.624 —11.5951
4000 296.348 976.593 940.468 696.320 853.584 —137.688 —11.6408
4100 296.675 1006.245 947.790 702.364 883.235 —138.831 —11.6851
4200 296.981 1035.928 954.943 708.293 912,918 —140.077 —11.7275
4300 297.267 1065.640 961.934 714.111 942.631 —141.424 —11.7679
4400 297.534 1095.381 968.771 719.821 972.371 —142.881 —11.8069
4500 297.785 1125.147 975.461 725.428 1002.137 —144.412 —11.8448
4600 298.021 1154.937 982.008 730.935 1031.927 —146.031 —11.8814
4700 298.242 1184.750 988.420 736.345 1061.741  —147.730 —11.9169
4800 298.450 1214.585 994.701 741.662 1091575 —149.511 —11.9515
4900 298.646 1244.440 1000.857 746.890 1121.430 —151.373 —11.9851
5000 298.832 1274.314 1006.892 752.029 1151.304 —153.373 —12.0172
5100 299.006 1304.206 1012.812 757.085 1181.196 —155.381 —12.0494
5200 299.172 1334.115 1018.619 762.059 1211.105 —157.503 —12.0801
5300 299.328 1364.040 1024.320 766.954 1241.030 —159.702 —12.1102
5400 299.476 1393.980 1029.916 771772 1270.971 —-161.976 —12.1396
5500 299.616 1423.935 1035.412 776.515 1300.925 —164.322 —12.1683
5600 299.750 1453.903 1040.812 781.187 1330.894 —166.739 —12.1963
5700 299.876 1483.885 1046.119 785.788 1360.875 —169.223 —12.2238
5800 299.996 1513.878 1051.335 790.322 1390.869 —171.775 —12.2508
5900 300.110 1543.884 1056.465 794.789 1420.874 —174.390 —12.2771
6000 300.219 1573.900 1061.509 799.193 1450.891 —177.066 —12.3031
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TaBLE 31. Molecular properties ofCgHsO (2,4-cyclohexadiene-1-one-2-yl radizaValues listed with bold characters were chosen for thermodynamic
calculations—e-=1 and statistical weight 2

Enthalpy of formation Zero point energy
A¢H°(298.15 K / kcal mol'? ZPE |/ kcal mor?t
Thergag’ 26.96*
PM3 13.59 56.718
PM3 UHF 3.25 56.081
AM1 15.39 58.405
AM1 UHF 4.72 59.027

#Benson’s method.
Moments of inertia of the molecule / g é&x 10 %°

MOPAC method I Iy I

PM3 15.388 94 29.83852 45.2213
PM3 UHF 15.394 39 30.0644 45.4588
AM1 15.299 83 30.18327 45.4830
AM1 UHF 15.318 16 30.38217 45.7003

Molecular vibrations / cm®

PM3 122 338 421 473 509 597
608 782 794 877 914 963

974 1002 1094 1103 1141 1157

1217 1285 1406 1410 1658 1682

1864 3048 3052 3060 3068 3075

PM3 UHF 133 314 407 469 510 589
595 749 765 861 872 922

952 966 1085 1089 1144 1148

1214 1400 1401 1409 1593 1596

1760 3050 3052 3065 3069 3077

AM1 142 351 430 479 541 619
635 815 833 931 947 980

1002 1039 1146 1169 1205 1212

1297 1356 1455 1473 1672 1692

1952 3175 3176 3186 3187 3196

AM1 UHF 146 329 418 476 539 602
630 783 803 905 924 936

958 1034 1145 1156 1202 1207

1297 1449 1461 1476 1609 1617

1829 3179 3179 3189 3191 3198
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TaBLE 32. Thermodynamic properties 6€5H50 (2,4-cyclohexadiene-1-one-2-yl radig&M = 93.105)

Enthalpy Reference Temperater€, =298.15 K Standard State Pressap@=0.1 MPa
T C; H°—H°(T,) S° —[G°—H(T)]/T H(T) AH°
(K) (3-K~t-mol™ %) (3-mol™ %) (3-K~t-mol™Y) (3-K~L-mol™Y) (kJ-mol™1) (kJ-mol™1) log K
0 — —16.926 — — 95.875 127.706 —
100 42.964 —13.239 252.362 384.751 99.562 122.077 —68.5570
200 65.958 —7.891 288.522 327.976 104.910 117.272 —37.1673
298.15 95.207 0.000 320.233 320.233 112.801 112.801 —27.2545
300 95.768 0.177 320.824 320.235 112.977 112.722  —27.1326
400 124.520 11.222 352.400 324.346 124.022 108.878 —22.3046
500 148.726 24.925 382.878 333.027 137.726 105.785 —19.5001
600 168.285 40.811 411.787 343.769 153.612 103.304 —17.6791
700 184.108 58.458 438.958 355.447 171.258 101.344 —16.4064
800 197.083 77.538 464.417 367.495 190.339 99.845 —15.4683
900 207.867 97.802 488.272 379.603 210.602 98.763 —14.7479
1000 216.922 119.054 510.655 391.601 231.855 98.030 —14.1768
1100 224.583 141.140 531.699 403.390 253.940 97.599 —13.7125
1200 231.104 163.933 551.528 414.917 276.733 97.415 —13.3266
1300 236.681 187.329 570.252 426.152 300.130 97.429 —13.0008
1400 241.474 211.243 587.971 437.084 324.043 97.585 —12.7206
1500 245611 235.602 604.776 447.708 348.403 97.864 —12.4780
1600 249.198 260.347 620.745 458.028 373.147 98.222 —12.2648
1700 252.321 285.426 635.948 468.050 398.227 98.630 —12.0757
1800 255.052 310.798 650.449 477.784 423.599 99.071 —11.9069
1900 257.449 336.425 664.305 487.239 449.226 99.523 —11.7553
2000 259.563 362.278 677.565 496.426 475.079 99.974 —-11.6180
2100 261.433 388.330 690.275 505.356 501.131 100.410 —11.4935
2200 263.095 414.558 702.476 514.041 527.359 100.812 —11.3797
2300 264.576 440.943 714.205 522.490 553.743 101.186 —11.2755
2400 265.902 467.468 725.493 530.715 580.269 101.515 —11.1798
2500 267.091 494.119 736.373 538.725 606.919 101.784 —11.0910
2600 268.163 520.882 746.869 546.530 633.683 102.009 —11.0091
2700 269.131 547.748 757.008 554.139 660.548 102.168 —10.9333
2800 270.008 574.705 766.812 561.560 687.506 102.264 —10.8628
2900 270.804 601.747 776.301 568.802 714.547 102.292 —10.7968
3000 271.530 628.864 785.494 575.873 741.664 102.237 —10.7351
3100 272.192 656.050 794.409 582.779 768.851 102.128 —-10.6781
3200 272.798 683.300 803.060 589.529 796.101 101.931 —10.6243
3300 273.355 710.608 811.463 596.127 823.409 101.659 —10.5739
3400 273.866 737.970 819.631 602.581 850.770 101.309 —10.5266
3500 274.338 765.380 827.577 608.897 878.181 100.869 —10.4824
3600 274.773 792.836 835.311 615.079 905.637 100.355 —10.4405
3700 275.176 820.334 842.846 621.134 933.135 99.749 —10.4014
3800 275.549 847.870 850.189 627.065 960.671 99.059 —10.3643
3900 275.895 875.443 857.351 632.879 988.243 98.285 —10.3297
4000 276.217 903.049 864.340 638.578 1015.849 97.409 —10.2967
4100 276.517 930.686 871.164 644.168 1043.486 96.460 —10.2661
4200 276.797 958.351 877.831 649.652 1071.152 95.414 —-10.2370
4300 277.059 986.044 884.348 655.035 1098.845 94.271 —-10.2093
4400 277.304 1013.763 890.720 660.319 1126.563 93.018 —10.1832
4500 277.533 1041.505 896.954 665.509 1154.305 91.690 —10.1589
4600 277.748 1069.269 903.056 670.607 1182.069 90.274 —10.1359
4700 277.950 1097.054 909.032 675.616 1209.854 88.772 —10.1143
4800 278.140 1124.858 914.886 680.540 1237.659 87.182 —10.0941
4900 278.319 1152.681 920.623 685.382 1265.482 85.503 —10.0751
5000 278.488 1180.522 926.247 690.143 1293.322 83.677 —10.0567
5100 278.647 1208.379 931.764 694.827 1321.179 81.831 —10.0403
5200 278.797 1236.251 937.176 699.435 1349.051 79.860 —10.0243
5300 278.939 1264.138 942.488 703.971 1376.938 77.798 —10.0094
5400 279.074 1292.038 947.703 708.437 1404.839 75.647  —9.9954
5500 279.202 1319.952 952.825 712.834 1432.753 73.408  —9.9823
5600 279.323 1347.879 957.857 717.164 1460.679 71.080 —9.9700
5700 279.437 1375.817 962.802 721.430 1488.617 68.668  —9.9586
5800 279.547 1403.766 967.663 725.634 1516.566 66.170  —9.9480
5900 279.650 1431.726 972.442 729.777 1544.526 63.590 —9.9380
6000 279.749 1459.696 977.143 733.861 1572.496 60.931  —9.9288
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TaBLE 33. Molecular properties of GH,OCl, (2,3,6,7-tetrachlorodibenzofuranValues listed with bold characters were chosen for thermodynamic
calculations—e-=1 and statistical weight 1

Enthalpy of formation Zero point energy
A¢H°(298.15 K/kcal mol? ZPE |/ kcal mor?
Dorofeeva® —11.95+2.4
PM3 2.966 79.879

Moments of inertia of the molecule / g éx 10 3°

MOPAC method la ly le
PM3 94.526 089 601.764 87 696.290 96
Dorofeev4? 96.411 819 613.417 36 709.829 18

Molecular vibrations / cm®

Dorofeev4? 53 58 118 126 168 173
B3LYP 186 218 234 260 282 330
369 392 407 442 473 506
565 577 629 654 676 685
709 732 760 777 796 822
836 903 926 948 975 981
1036 1099 1125 1215 1232 1244
1262 1311 1330 1379 1412 1473
1488 1551 1584 1595 1623 3051
30523)
PM3 44.7 53.9 98 110.9 152 165.3
178 195.5 234 268 276 316
340 384 401 417 447 480
496 598 606 611 667 677
710 726 767 792 857 918
926 932 947 953 985 1075
1116 1141 1155 1164 1285 1331
1341 1378 1442 1509 1528 1578
1616 1758 1794 1819 1842 3055
3069 3074 3078
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TaBLE 34. Thermodynamic properties of;£1,0Cl, (2,3,6,7-tetrachlorodibenzofurptiM = 305.974)

Enthalpy Reference Temperate€, =298.15 K Standard State Pressap@=0.1 MPa
T C; H°—H°(T,) S° —[G°—H(T)]/T H(T) AH°
(K) (3-K~t-mol™ %) (3-mol™ %) (3-K~t-mol™Y) (3-K~L-mol™Y) (kJ-mol™1) (kJ-mol™1) log K
0 — —38.205 — — —88.205 —35.924 —
100 96.293 —32.166 331.342 653.002 —82.166 —43.895 4.8518
200 163.634 —19.132 419.015 514.675 —69.132 —47.704 —7.0444
298.15 225.108 0.000 496.028 496.028 —50.000 —50.000 —11.2396
300 226.193 0.417 497.423 496.032 —49.583 —50.032 —11.2936
400 279.472 25.792 570.053 505.574 —24.208 -51.175 —13.4973
500 321.731 55.941 637.154 525.272 5.941 —51.463 —14.8391
600 354.346 89.816 698.825 549.131 39.816 —51.219 —15.7333
700 379.538 126.563 755.421 574.616 76.563 —50.588 —16.3669
800 399.251 165.541 807.440 600.513 115.541 —49.639 —16.8350
900 414.922 206.279 855.404 626.205 156.279 —48.408 —17.1909
1000 427.566 248.425 899.798 651.372 198.425 —46.963 —17.4679
1100 437.900 291.715 941.050 675.854 241.715 —45.337 —17.6873
1200 446.442 335.946 979.530 699.575 285.946 —43.574 —17.8632
1300 453.571 380.957 1015.554 722.510 330.957 —41.719 —18.0067
1400 459.572 426.622 1049.393 744.663 376.622 —39.836 —18.1231
1500 464.664 472.841 1081.279 766.051 422.841 —37.913 —18.2206
1600 469.014 519.531 1111.410 786.703 469.531 —36.010 —18.3013
1700 472.755 566.624 1139.959 806.651 516.624 —34.153 —18.3686
1800 475.992 614.065 1167.074 825.927 564.065 —32.353 —18.4254
1900 478.809 661.808 1192.887 844.567 611.808 —30.631 —18.4735
2000 481.272 709.815 1217.511 862.603 659.815 —28.998 —18.5139
2100 483.438 758.053 1241.046 880.068 708.053 —27.467 —18.5494
2200 485.351 806.494 1263.580 896.992 756.494 —26.071 —18.5795
2300 487.047 855.116 1285.193 913.404 805.116 —24.793 —18.6058
2400 488.558 903.897 1305.954 929.330 853.897 —23.659 —18.6292
2500 489.909 952.822 1325.926 944.797 902.822 —22.699 —18.6489
2600 491.122 1001.875 1345.165 959.828 951.875 —21.882 —18.6667
2700 492.213 1051.042 1363.721 974.446 1001.042 —21.250 —18.6830
2800 493.199 1100.314 1381.639 988.670 1050.314 —20.800 —18.6978
2900 494.093 1149.679 1398.962 1002.521 1099.679  —20.537 —18.7106
3000 494.905 1199.130 1415.727 1016.017 1149.130  —20.495 —18.7225
3100 495.645 1248.658 1431.967 1029.174 1198.658  —20.621 —18.7346
3200 496.321 1298.256 1447.714 1042.009 1248.256  —20.970 —18.7456
3300 496.940 1347.920 1462.996 1054.535 1297.920 —21.524 —18.7559
3400 497.508 1397.643 1477.840 1066.768 1347.643  —22.284 —18.7659
3500 498.031 1447.420 1492.269 1078.720 1397.420 —23.268 —18.7763
3600 498.513 1497.248 1506.306 1090.404 1447.248  —24.439 —18.7859
3700 498.959 1547.122 1519.971 1101.830 1497.122  —25.827 —18.7960
3800 499.371 1597.038 1533.282 1113.009 1547.038  —27.412 —18.8055
3900 499.754 1646.995 1546.259 1123.953 1596.995  —29.186 —18.8158
4000 500.109 1696.988 1558.916 1134.669 1646.988  —31.173 —18.8255
4100 500.440 1747.016 1571.269 1145.168 1697.016  —33.312 —18.8362
4200 500.748 1797.075 1583.332 1155.457 1747.075  —35.641 —18.8468
4300 501.036 1847.165 1595.119 1165.545 1797.165  —38.151 —18.8570
4400 501.305 1897.282 1606.640 1175.440 1847.282  —40.855 —18.8673
4500 501.557 1947.425 1617.909 1185.148 1897.425  —43.679 —18.8786
4600 501.793 1997.593 1628.935 1194.676 1947593  —46.640 —18.8899
4700 502.015 2047.783 1639.729 1204.031 1997.783  —49.727 —18.9015
4800 502.223 2097.995 1650.301 1213.218 2047995  —52.934 —18.9139
4900 502.420 2148.228 1660.658 1222.244 2098.228  —56.256 —18.9263
5000 502.604 2198.479 1670.810 1231.114 2148.479  —59.805 —18.9380
5100 502.779 2248.748 1680.765 1239.834 2198.748  —63.315 —18.9516
5200 502.943 2299.034 1690.529 1248.407 2249.034  —67.005 —18.9643
5300 503.099 2349.337 1700.111 1256.840 2299.337  —70.790 —18.9773
5400 503.246 2399.654 1709.516 1265.136 2349.654  —74.668 —18.9907
5500 503.386 2449.986 1718.752 1273.300 2399.986  —78.633 —19.0042
5600 503.518 2500.331 1727.823 1281.336 2450.331  —82.681 —19.0178
5700 503.644 2550.689 1736.737 1289.247 2500.689  —86.808 —19.0318
5800 503.763 2601.059 1745.497 1297.038 2551.059  —91.012 —19.0458
5900 503.876 2651.441 1754.109 1304.712 2601.441  —95.289 —19.0599
6000 503.984 2701.834 1762.579 1312.273 2651.834  —99.630 —19.0743
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TaBLE 35. Molecular properties of GH,OCl, (2,4,6,8-tetrachlorodibenzofuranValues listed with bold characters were chosen for thermodynamic
calculations—e-=2 and statistical weight 1

Enthalpy of formation Zero point energy
A¢H°(298.15 K/kcal mol? ZPE |/ kcal mor?
Dorofeeva® —13.86+2.4
PM3 6.55 79.505

Moments of inertia of the molecule / g éx 10 3°

Ia Ib Ic

PM3 189.010 437.992 627.003
Dorofeev4? 197.908 94 445,592 24 643.501 187
Molecular vibrations / cm®
Dorofeev4? 39 78 105 145 166 170
B3LYP 191 209 219 231 315 363
367 386 392 401 401 547
568 568 574 640 683 701
742 768 769 815 825 851
879 884 890 910 952 967
1000 1086 1129 1214 1244 1254
1265 1309 1333 1378 1404 1474
1489 1542 1582 1588 1624 3050
3051 3053 3053
PM3 62.1 82.1 107.7 140.1 153.7 165.1
185.6 199 211 238 306 334
357 368 373 380 393 498
561 570 576 605 624 657
721 737 757 785 895 904
942 949 949 957 971 1074
1095 1153 1167 1173 1303 1340
1349 1351 1407 1503 1564 1581
1621 1761 1771 1810 1818 3005
3005 3024 3026

J. Phys. Chem. Ref. Data, Vol. 32, No. 2, 2003



488 BURCAT, KHACHATRYAN, AND DELLINGER

TaBLE 36. Thermodynamic properties of;£1,0Cl, (2,4,6,8-tetrachlorodibenzofurptiM = 305.974)

Enthalpy Reference Temperate€, =298.15 K Standard State Pressap@=0.1 MPa
T C; H°—H°(T,) S° —[G°—H(T)]/T H(T) AH°
(K) (3-K~t-mol™ %) (3-mol™ %) (3-K~t-mol™Y) (3-K~L-mol™Y) (kJ-mol™1) (kJ-mol™1) log K
0 — —38.388 — — —96.388 —44.108 —
100 97.070 —32.328 327.606 650.882 —90.328 —52.057 8.9197
200 164.506 —19.194 415.968 511.936 —77.194 —55.766 —5.0982
298.15 225.552 0.000 493.238 493.238 —58.000 —58.000 —9.9838
300 226.633 0.418 494.636 493.242 —57.582 —58.031 —10.0464
400 279.769 25.828 567.369 502.799 —32.172 —59.139 —12.5976
500 321.974 56.004 634.529 522.521 —1.996 —59.400 —14.1470
600 354.554 89.901 696.241 546.406 31.901 —59.133 —15.1792
700 379.717 126.668 752.867 571.913 68.668 —58.483 —15.9111
800 399.405 165.663 804.909 597.830 107.663 —57.518 —16.4528
900 415.054 206.415 852.889 623.540 148.415 —56.272 —16.8659
1000 427.680 248.573 897.296 648.723 190.573 —54.815 —17.1884
1100 438.000 291.874 938.558 673.218 233.874 —53.178 —17.4451
1200 446.529 336.114 977.047 696.952 278.114 —51.406 —17.6520
1300 453.648 381.133 1013.077 719.898 323.133 —49.543 —17.8217
1400 459.640 426.806 1046.922 742.061 368.806 —47.652 —17.9605
1500 464.724 473.031 1078.812 763.458 415.031 —45.723 —18.0774
1600 469.068 519.726 1108.947 784.118 461.726 —43.815 —18.1752
1700 472.803 566.824 1137.499 804.073 508.824 —41.952 —18.2574
1800 476.036 614.270 1164.617 823.356 556.270 —40.148 —18.3276
1900 478.848 662.017 1190.432 842.002 604.017 —38.422 —18.3875
2000 481.308 710.028 1215.058 860.044 652.028 —36.785 —18.4387
2100 483.471 758.269 1238.594 877.514 700.269 —35.251 —18.4839
2200 485.381 806.714 1261.130 894.442 748.714 —33.851 —18.5227
2300 487.075 855.338 1282.744 910.858 797.338 -32.571 —18.5571
2400 488.584 904.123 1303.507 926.789 846.123 —31.433 —18.5879
2500 489.933 953.050 1323.479 942.260 895.050 —30.471 —18.6143
2600 491.144 1002.105 1342.719 957.294 944.105 —29.652 —18.6383
2700 492.234 1051.274 1361.276 971.915 993.274 —29.018 —18.6604
2800 493.219 1100.548 1379.195 986.142 1042.548 —28.566 —18.6806
2900 494.111 1149.915 1396.519 999.996 1091.915 —28.301 —18.6984
3000 494.922 1199.367 1413.284 1013.495 1141.367 —28.257 —18.7150
3100 495.661 1248.897 1429.524 1026.654 1190.897 —28.382 —18.7314
3200 496.336 1298.497 1445.272 1039.491 1240.497 —28.729 —18.7465
3300 496.954 1348.162 1460.554 1052.020 1290.162 —29.282 —18.7607
3400 497.521 1397.886 1475.398 1064.255 1339.886 —30.041 —18.7743
3500 498.044 1447.665 1489.828 1076.209 1389.665 —31.023 —18.7881
3600 498.525 1497.494 1503.865 1087.895 1439.494 —32.193 —18.8009
3700 498.970 1547.369 1517.530 1099.323 1489.369 —33.580 —18.8140
3800 499.382 1597.287 1530.843 1110.504 1539.287 —35.164 —18.8264
3900 499.764 1647.244 1543.819 1121.449 1589.244 —36.937 —18.8394
4000 500.119 1697.239 1556.477 1132.167 1639.239 —38.922 —18.8517
4100 500.449 1747.267 1568.830 1142.667 1689.267 —41.061 —18.8649
4200 500.757 1797.328 1580.893 1152.958 1739.328 —43.389 —18.8779
4300 501.044 1847.418 1592.680 1163.048 1789.418 —45.898 —18.8903
4400 501.313 1897.536 1604.202 1172.944 1839.536 —48.601 —18.9027
4500 501.565 1947.680 1615.471 1182.653 1889.680 —51.424 —18.9161
4600 501.800 1997.848 1626.497 1192.182 1939.848 —54.385 —18.9293
4700 502.022 2048.040 1637.291 1201.538 1990.040 —57.471 —18.9428
4800 502.230 2098.252 1647.863 1210.727 2040.252 —60.678 —18.9569
4900 502.426 2148.485 1658.220 1219.754 2090.485 —63.998 —18.9710
5000 502.611 2198.737 1668.373 1228.625 2140.737 —67.547 —18.9845
5100 502.785 2249.007 1678.327 1237.346 2191.007 —71.056 —18.9996
5200 502.949 2299.294 1688.092 1245.920 2241.294 —74.746 —19.0139
5300 503.105 2349.596 1697.674 1254.354 2291.596 —78.530 —19.0284
5400 503.252 2399.914 1707.079 1262.651 2341.914 —82.408 —19.0432
5500 503.391 2450.246 1716.315 1270.816 2392.246 —86.372 —19.0580
5600 503.523 2500.592 1725.386 1278.852 2442592 —90.420 —19.0729
5700 503.648 2550.951 1734.300 1286.764 2492.951 —94.546 —19.0881
5800 503.767 2601.322 1743.060 1294.556 2543.322 —98.750 —19.1034
5900 503.881 2651.704 1751.673 1302.231 2593.704 —103.026 —19.1187
6000 503.988 2702.098 1760.142 1309.793 2644.098 —107.367 —19.1342
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TaBLE 37. Molecular properties of £H,0,Cl, (2,3,7,8-tetrachlorodibenzo-dioxin). Values listed with bold characters were chosen for thermodynamic
calculations—e=4 and statistical weight 1

Enthalpy of formation Zero point energy
A¢H°(298.15 K / kcal mol'? ZPE / kcal molt
Dorofeeva® —39.19%3.6
PM3 —32.27 82.384

Moments of inertia of the molecule / g éx 10 3°

MOPAC Method la ly I

PM3 96.390 84 752.119 56 847.418 35

Molecular vibrations / cm*

PM3 26.9 44.6 96.3 116.5 130.6 159.9
168.2 169.2 194 229 247 262
319 377 382 392 418 425
440 478 525 616 622 654
662 672 696 698 703 804
860 931 933 942 944 945
974 984 1127 1128 1186 1188
1312 1313 1329 1334 1422 1430
1524 1556 1595 1637 1757 1762
1792 1799 3050 3051 3051 3052
PM3 19.30 44.54 97.59 118.6 129.4 162.5
168 178 197 231 244 262
320 378 379 387 422 428
443 475 528 619 622 652
661 672 696 700 703 807
863 927 929 939 940 942
972 989 1122 1123 1184 1185
1310 1323 1335 1339 1423 1424
1535 1569 1595 1636 1732 1733
1798 1799 3060 3061 3062 3062
B3LYP/6-31G* P 20.07 49.43 113 114 138 173
185 200 222 230 258 286
328 382 392 393 448 451
459 499 542 559 625 625
645 652 665 668 693 763
794 851 852 884 885 900
938 992 1132 1135 1188 1192
1244 1261 1269 1320 1346 1349
1401 1427 1519 1531 1613 1629
1648 1683 3235 3235 3236 3236

/alues calculated by Ruben Asatryan from Armenian Institute of Chemical Physics, The Armenian Academy of Sciences, Yerevan, Armenia.
bB.J. Mhin, J. Choi, and W. Choi, “A simple rule for classification of polychlorinated dibgmziexin congeners,” J. Am. Chem. Sot23, 3584 (2001);
supporting information.
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TasLE 38. Thermodynamic properties of,£1,0,Cl, (2,3,7,8-tetrachlorodibenzo-dioxin) (M,=321.973)

Enthalpy Reference Temperate€, =298.15 K Standard State Pressap@=0.1 MPa
T C; H°—H°(T,) S° —[G°—H(T)]/T H(T) AH°
(K) (3-K~t-mol™ %) (3-mol™ %) (3-K~t-mol™Y) (3-K~L-mol™Y) (kJ-mol™1) (kJ-mol™1) log K
0 — —41.226 — — —205.226 —148.606 —
100 103.161 —34.717 335.305 682.475 —198.717 —157.556 59.9017
200 177.304 —20.636 429.954 533.134 —184.636 —161.774 18.2650
298.15 241.524 0.000 513.049 513.049 —164.000 —164.000 4.2636
300 242.635 0.448 514.547 513.054 —163.552 —164.029 4.0864
400 296.857 27.519 592.051 523.254 —136.481 —164.961 —3.0755
500 339.814 59.442 663.106 544.223 —104.558 —165.005 —7.3860
600 373.072 95.158 728.132 569.536 —68.842 —164.499 —10.2550
700 398.827 133.806 787.658 596.506 —30.194 —163.595 —12.2958
800 419.019 174.738 842.285 623.863 10.738  —162.362 —13.8167
900 435.105 217.474 892.602 650.964 53.474  —160.835 —14.9894
1000 448.118 261.657 939.142 677.485 97.657  —159.085 —15.9180
1100 458.789 307.020 982.369 703.260 143.020 —157.142 —16.6691
1200 467.641 353.354 1022.680 728.218 189.354  —155.049 —17.2868
1300 475.055 400.500 1060.412 752.335 236.500 —152.853 —17.8030
1400 481.320 448.327 1095.853 775.620 284.327 —150.615 —18.2378
1500 486.654 496.733 1129.248 798.092 332.733  —148.326 —18.6104
1600 491.226 545.633 1160.805 819.785 381.633 —146.049 —18.9311
1700 495.170 594.957 1190.707 840.732 430.957 —143.807 —19.2093
1800 498.592 644.649 1219.109 860.971 480.649 —141.616 —19.4530
1900 501.578 694.661 1246.148 880.537 530.661 —139.497 —19.6676
2000 504.195 744.953 1271.944 899.468 580.953 —137.462 —19.8574
2100 506.501 795.490 1296.601 917.796 631.490 —135.527 —20.0275
2200 508.542 846.244 1320.211 935.555 682.244  —133.724 —20.1796
2300 510.355 897.191 1342.857 952.775 733.191 —132.040 —20.3168
2400 511.972 948.308 1364.613 969.484 784.308  —130.498 —20.4415
2500 513.420 999.579 1385.542 985.711 835.579  —129.133 —20.5540
2600 514.722 1050.988 1405.705 1001.479 886.988 —127.912 —20.6572
2700 515.895 1102.519 1425.153 1016.813 938.519 —126.879 —20.7523
2800 516.956 1154.163 1443.934 1031.733 990.163 —126.030 —20.8399
2900 517.918 1205.907 1462.092 1046.262 1041.907 —125.372 —20.9203
3000 518.793 1257.744 1479.665 1060.418 1093.744 —124.938 —20.9950
3100 519.591 1309.663 1496.690 1074.218 1145.663 —124.677 —21.0657
3200 520.321 1361.659 1513.198 1087.679 1197.659 —124.643 —21.1314
3300 520.990 1413.726 1529.219 1100.818 1249.726 —124.818 —21.1928
3400 521.604 1465.856 1544.782 1113.648 1301.856 —125.203 —21.2509
3500 522.170 1518.045 1559.910 1126.183 1354.045 —125.816 —21.3063
3600 522.692 1570.288 1574.627 1138.436 1406.288 —126.621 —21.3584
3700 523.175 1622.582 1588.955 1150.420 1458.582 —127.648 —21.4085
3800 523.622 1674.922 1602.913 1162.144 1510.922 —128.876 —21.4557
3900 524.036 1727.305 1616.520 1173.621 1563.305 —130.297 —21.5017
4000 524.422 1779.728 1629.793 1184.860 1615.728 —131.935 —21.5452
4100 524.780 1832.189 1642.746 1195.871 1668.189 —133.731 —21.5880
4200 525.115 1884.684 1655.396 1206.662 1720.684 —135.720 —21.6290
4300 525.427 1937.211 1667.756 1217.242 1773.211 —137.895 —21.6680
4400 525.720 1989.768 1679.839 1227.619 1825.768 —140.269 —21.7059
4500 525.993 2042.354 1691.656 1237.800 1878.354 —142.767 —21.7433
4600 526.250 2094.966 1703.220 1247.793 1930.966 —145.406 —21.7795
4700 526.491 2147.604 1714.540 1257.603 1983.604 —148.175 —21.8150
4800 526.718 2200.264 1725.627 1267.239 2036.264 —151.069 —21.8501
4900 526.931 2252.947 1736.490 1276.705 2088.947 —154.082 —21.8843
5000 527.132 2305.650 1747.137 1286.007 2141.650 —157.326 —21.9169
5100 527.322 2358.373 1757.578 1295.152 2194.373 —160.535 —21.9504
5200 527.501 2411.114 1767.819 1304.143 2247.114 —163.929 —21.9822
5300 527.670 2463.872 1777.869 1312.987 2299.872 —167.420 —22.0136
5400 527.831 2516.648 1787.734 1321.688 2352.648 —171.009 —22.0446
5500 527.982 2569.438 1797.420 1330.250 2405.438 —174.688 —22.0750
5600 528.126 2622.244 1806.935 1338.677 2458.244 —178.454 —22.1049
5700 528.263 2675.063 1816.284 1346.974 2511.063 —182.303 —22.1344
5800 528.393 2727.896 1825.472 1355.145 2563.896 —186.232 —22.1636
5900 528.516 2780.742 1834.506 1363.194 2616.742 —190.236 —22.1922
6000 528.634 2833.599 1843.390 1371.123 2669.599 —194.308 —22.2206
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TaBLE 39. Molecular properties of £H,0,Cl, (1,3,6,8-tetrachlorodibenzo-dioxin). Values listed with bold characters were chosen for thermodynamic
calculations—e-=2 and statistical weight 1

Enthalpy of formation Zero point energy
A¢H°(298.15 K / kcal mol'? ZPE / kcal molt
Dorofeeva® —41.35+3.6
PM3 —31.74 82.406

Moments of inertia of the molecule / g éx 10 3°

MOPAC method la Iy

le

PM3 177.084 39 530.216 25 707.208 77

Molecular vibrations / cm®

PM3 24.4 44.5 106.7 112.9 148.7 150.5
155.2 193.8 197 199 212 300
339 352 361 396 398 452
493 535 538 553 565 567
622 709 724 726 735 810
886 912 922 923 940 942
978 1028 1103 1108 1171 1178
1310 1329 1335 1337 1412 1413
1544 1574 1596 1633 1758 1764
1793 1800 3057 3057 3062 3062
B3LYP/6-31G™* 2 20.12 48.35 105 128 155 156
158 198 203 223 249 298
350 357 372 402 410 463
486 535 537 564 576 576
590 668 682 703 703 827
851 852 858 865 867 868
963 989 1111 1112 1193 1218
1235 1245 1267 1326 1338 1355
1441 1457 1509 1513 1618 1619
1651 1669 3240 3240 3246 3246
Dorofeev4® 28 50 104 124 151 156
B3LYP/ 161 210 213 214 233 290
357 359 364 388 390 465
466 533 549 555 567 592
633 706 709 761 771 781
818 825 881 881 904 905
944 959 1008 1030 1130 1213
1232 1253 1281 1302 1339 1357
1383 1399 1481 1484 1567 1578
1584 1634 3051 3051 3053 3053

. J. Mhin, J. Choi, and W. Choi, “A simple rule for classification of polychlorinated dibgmziexin congeners,” J. Am. Chem. Sot23 3584 (200));
supporting information.
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TaBLE 40. Thermodynamic properties of, £1,0,Cl, (1,3,6,8-tetrachlorodibenzo-dioxin) (M,=321.973)

Enthalpy Reference Temperate€, =298.15 K Standard State Pressap@=0.1 MPa
T C; H°—H°(T,) S° —[G°—H(T)]/T H(T) AH°
(K) (3-K~t-mol™ %) (3-mol™ %) (3-K~t-mol™Y) (3-K~L-mol™Y) (kJ-mol™1) (kJ-mol™1) log K
0 — —41.467 — — —214.467 —157.847 —
100 104.644 —34.882 342.565 691.387 —207.882 —166.722 65.0682
200 178.101 —20.683 438.059 541.476 —193.683 —170.821 21.0512
298.15 241.759 0.000 521.354 521.354 —173.000 —173.000 6.2741
300 242.864 0.448 522.853 521.359 —172.552 —173.028 6.0872
400 296.860 27.529 600.386 531.564 —145.471 —173.951 —1.4661
500 339.741 59.447 671.433 552.538 —113.553 —173.999 —6.0115
600 372.977 95.155 736.443 577.852 —77.845 —173.502 —9.0371
700 398.725 133.794 795.954 604.820 —39.206 —172.608 —11.1900
800 418.916 174.715 850.567 632.173 1715 —-171.385 —12.7950
900 435.003 217.441 900.872 659.271 44.441  —169.869 —14.0332
1000 448.019 261.614 947.401 685.787 88.614 —168.129 —15.0142
1100 458.693 306.967 990.619 711.558 133.967 —166.195 —15.8083
1200 467.549 353.292 1030.922 736.511 180.292 —164.112 —16.4619
1300 474.967 400.429 1068.647 760.625 227.429 —161.925 —17.0083
1400 481.237 448.247 1104.082 783.905 275.247  —159.695 —17.4693
1500 486.575 496.645 1137.470 806.374 323.645 —157.415 —17.8645
1600 491.151 545.537 1169.023 828.062 372,537 —155.145 —18.2049
1700 495.100 594.854 1198.920 849.006 421.854 —152.910 —18.5006
1800 498.526 644.539 1227.319 869.241 471.539 —150.726 —18.7598
1900 501.516 694.545 1254.354 888.804 521.545 —148.613 —18.9884
2000 504.137 744.830 1280.147 907.732 571.830 —146.584 —19.1907
2100 506.447 795.362 1304.801 926.057 622.362 —144.655 —19.3722
2200 508.491 846.111 1328.409 943.813 673.111  —142.857 —19.5345
2300 510.307 897.053 1351.053 961.030 724.053 —141.178 —19.6812
2400 511.927 948.166 1372.806 977.737 775.166  —139.641 —19.8146
2500 513.378 999.432 1393.734 993.961 826.432 —138.280 —19.9350
2600 514.682 1050.836 1413.895 1009.727 877.836 —137.063 —20.0456
2700 515.857 1102.364 1433.342 1025.059 929.364 —136.034 —20.1474
2800 516.920 1154.004 1452.122 1039.977 981.004 —135.189 —20.2414
2900 517.884 1205.745 1470.278 1054.504 1032.745 —134.534 —20.3277
3000 518.761 1257.578 1487.850 1068.658 1084.578 —134.104 —20.4079
3100 519.561 1309.495 1504.874 1082.456 1136.495 —133.845 —20.4837
3200 520.292 1361.488 1521.381 1095.916 1188.488 —133.814 —20.5542
3300 520.963 1413.551 1537.401 1109.053 1240.551 —133.992 —20.6202
3400 521.579 1465.679 1552.963 1121.881 1292.679 —134.380 —20.6825
3500 522.146 1517.865 1568.091 1134.415 1344.865 —134.996 —20.7420
3600 522.669 1570.106 1582.807 1146.667 1397.106 —135.803 —20.7979
3700 523.152 1622.398 1597.135 1158.649 1449.398 —136.832 —20.8516
3800 523.600 1674.736 1611.092 1170.372 1501.736 —138.062 —20.9023
3900 524.016 1727.117 1624.698 1181.848 1554.117 —139.485 —20.9514
4000 524.402 1779.538 1637.970 1193.086 1606.538 —141.126 —20.9980
4100 524.762 1831.996 1650.924 1204.095 1658.996 —142.924 —21.0437
4200 525.097 1884.489 1663.573 1214.885 1711.489 —144.914 —21.0875
4300 525.410 1937.015 1675.933 1225.464 1764.015 —147.091 —21.1292
4400 525.703 1989.571 1688.015 1235.840 1816.571 —149.467 —21.1696
4500 525.977 2042.155 1699.832 1246.020 1869.155 —151.966 —21.2095
4600 526.235 2094.765 1711.395 1256.012 1921.765 —154.607 —21.2480
4700 526.476 2147.401 1722.715 1265.821 1974.401 —157.378 —21.2857
4800 526.704 2200.060 1733.802 1275.456 2027.060 —160.273 —21.3230
4900 526.917 2252.741 1744.664 1284.921 2079.741 —163.287 —21.3592
5000 527.119 2305.443 1755.311 1294.223 2132.443 —166.533 —21.3937
5100 527.309 2358.165 1765.752 1303.366 2185.165 —169.743 —21.4291
5200 527.489 2410.905 1775.993 1312.357 2237.905 —173.138 —21.4628
5300 527.659 2463.662 1786.042 1321.200 2290.662 —176.630 —21.4959
5400 527.819 2516.436 1795.907 1329.900 2343.436 —180.220 —21.5286
5500 527.972 2569.226 1805.593 1338.461 2396.226 —183.901 —21.5606
5600 528.116 2622.030 1815.108 1346.888 2449.030 —187.668 —21.5921
5700 528.253 2674.849 1824.456 1355.185 2501.849 —191.517 —21.6231
5800 528.383 2727.681 1833.645 1363.355 2554.681 —195.448 —21.6537
5900 528.507 2780.525 1842.678 1371.403 2607.525 —199.452 —21.6837
6000 528.625 2833.382 1851.562 1379.332 2660.382 —203.525 —21.7135
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TaBLE 41. Molecular properties of GH,Cl,O5 (1,3,6,8-tetrachlorodibenzo-dioxin-2-ol). Values listed with bold characters were chosen for thermodynamic
calculations—e-=1 and statistical weight 1

Enthalpy of formation Zero point energy
A¢H°(298.15 K / kcal mol'? ZPE |/ kcal mor?t
Our estimate —70.59
PM3 —74.98 85.823
PM3 UHF —75.859 84.835
AM1 —56.53 88.876
AM1 UHF —58.73

Moments of inertia of the molecule / g ém10™%°

MOPAC method la [ le

PM3 183.064 92 587.555 52 770.61573
PM3 UHF 183.268 23 588.43175 717.699 23
AM1 183.065 43 587.554 20 770.612 63
AM1 UHF 186.668 46 592.787 26 778.213 07

Reduced moment of inerfial,(OH)=0.136 43g cn?x 10 %% ¢,,=2; V(2)=1116.8cm 1.

Molecular vibrations / cm®

PM3 20.6 41.9 92.9 106.3 112.4 149.2
158.4 169 198 203 203 274
289 299 314 343 362 378
401 403 452 514 527 535
565 587 626 661 690 725
729 768 800 839 902 922
932 940 957 1033 1105 1114
1174 1241 1289 1326 1330 1337

1404 1426 1512 1555 1598 1611
1637 1761 1766 1795 1800 3057
3058 3062 3855

PM3 UHF 23.64 40.7 88.3 106 108 146

158 166 197 197 202 272
281 298 314 332 360 376
386 401 449 507 511 518
547 585 626 630 686 699
722 729 795 833 893 900
903 916 951 1018 1097 1105
1172 1232 1318 1334 1342 1361
1386 1451 1474 1533 1572 1582
1603 1695 1700 1729 1735 3059
3060 3064 3857

AM1 23.61 41.34 86.9 90 133 156
173 185 210 217 219 246
303 325 344 360 400 420
426 457 497 544 550 559
579 622 660 678 710 735
748 826 900 933 939 941
943 978 1060 1137 1199 1209

1262 1332 1356 1393 1410 1432
1481 1498 1585 1600 1650 1665
1694 1745 1757 1787 1794 3174
3183 3188 3402

AM1 UHF 18.07 37.5 80.36 95.7 122 146
167 176 195 216 217 272
287 321 340 344 395 399
422 452 493 519 528 547
553 615 620 667 677 691
737 819 890 906 908 912
933 966 1052 1129 1190 1202

1262 1325 1382 1424 1431 1441
1453 1514 1561 1573 1630 1634
1655 1674 1693 1714 1730 3175
3184 3191 3404
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TaABLE 42. Thermodynamic properties of,41,Cl,O5 (1,3,6,8-tetrachlorodibenzo-dioxin-2-ol) (M,=337.973)

Enthalpy Reference Temperater®,=298.15 K Standard State Pressap8=0.1 MPa
T C; H°—H°(T,) S° —[G°—=H(T)JT H(T) A{H®
(K) (3-K~1-mol™Y) (J-mol™1) (J-K~t-mol™Y) (J-K~t-mol™ ) (kJ-mol™?%) (kJ-mol™1) log K¢
0 — —43.948 — — —339.318 —278.357 —
100 110.331 —37.467 341.390 716.061 —332.837 —288.787 124.2394
200 192.455 —22.155 444.253 555.026 —317.525 —293.229 48.2902
298.15 256.811 0.000 533.525 533.525 —295.370 —295.370 22.9901
300 257.903 0.476 535.117 533.530 —294.894 —295.398 22.6712
400 311.017 29.017 616.859 544.315 —266.353 —296.345 9.7913
500 353.410 62.322 690.999 566.356 —233.048 —296.537 2.0478
600 386.776 99.398 758.505 592.841 —195.972 —296.251 —3.1130
700 413.022 139.440 820.178 620.978 —155.930 —295.581 —6.7938
800 433.846 181.822 876.741 649.463 —113.548 —294.566 —9.5468
900 450.570 226.073 928.841 677.649 —69.297 —293.228 —11.6792
1000 464.170 271.833 977.041 705.208 —23.537 —291.633 —13.3767
1100 475.359 318.827 1021.823 731.980 23.457  —289.814 —14.7574
1200 484.660 366.842 1063.595 757.894 71.472  —287.816 —15.9004
1300 492.462 415.709 1102.706 782.930 120.339  —285.691 —16.8611
1400 499.062 465.294 1139.449 807.097 169.924  —283.502 —17.6773
1500 504.686 515.489 1174.078 830.419 220.119 —281.246 —18.3805
1600 509.511 566.205 1206.808 852.930 270.835 —278.988 —18.9904
1700 513.677 617.369 1237.825 874.666 321.999 —276.753 —19.5240
1800 517.293 668.922 1267.290 895.667 373.552 —274.561 —19.9946
1900 520.450 720.812 1295.345 915.970 425.442  —272.435 —20.4123
2000 523.220 772.999 1322.113 935.613 477.629  —270.387 —20.7848
2100 525.661 825.445 1347.701 954.632 530.075 —268.438 —21.1202
2200 527.823 878.122 1372.206 973.060 582.752  —266.619 —21.4225
2300 529.744 931.002 1395.712 990.928 635.632 —264.920 —21.6969
2400 531.459 984.064 1418.294 1008.268 688.694 —263.363 —21.9474
2500 532.996 1037.288 1440.021 1025.106 741918 —261.986 —22.1756
2600 534.377 1090.658 1460.953 1041.469 795.288 —260.755 —22.3855
2700 535.622 1144.159 1481.144 1057.382 848.789 —259.715 —22.5794
2800 536.749 1197.778 1500.644 1072.866 902.408 —258.864 —22.7588
2900 537.771 1251.505 1519.498 1087.944 956.135 —258.208 —22.9246
3000 538.701 1305.329 1537.745 1102.635 1009.959 —257.780 —23.0791
3100 539.550 1359.243 1555.423 1116.958 1063.873 —257.529 —23.2244
3200 540.326 1413.237 1572.565 1130.929 1117.867 —257.511 —23.3600
3300 541.038 1467.306 1589.203 1144.565 1171.936 —257.707 —23.4872
3400 541.691 1521.443 1605.365 1157.881 1226.073 —258.118 —23.6071
3500 542.293 1575.642 1621.076 1170.892 1280.272 —258.762 —23.7209
3600 542.849 1629.900 1636.360 1183.611 1334.530 —259.602 —23.8281
3700 543.363 1684.211 1651.241 1196.049 1388.841 —260.670 —23.9304
3800 543.838 1738.571 1665.738 1208.219 1443.201 —261.943 —24.0270
3900 544.280 1792.977 1679.870 1220.133 1497.607 —263.416 —24.1199
4000 544.691 1847.426 1693.655 1231.799 1552.056 —265.110 —24.2080
4100 545.073 1901.914 1707.110 1243.229 1606.544 —266.967 —24.2932
4200 545.429 1956.440 1720.249 1254.430 1661.070 —269.021 —24.3746
4300 545.762 2010.999 1733.087 1265.413 1715.629 —271.267 —24.4522
4400 546.074 2065.591 1745.638 1276.185 1770.221 —-273.716 —24.5269
4500 546.365 2120.214 1757.913 1286.754 1824.844 —276.294 —24.5996
4600 546.639 2174.864 1769.925 1297.128 1879.494 —279.018 —24.6695
4700 546.896 2229.541 1781.683 1307.313 1934.171 —281.877 —24.7373
4800 547.138 2284.243 1793.200 1317.316 1988.873 —284.864 —24.8033
4900 547.365 2338.968 1804.484 1327.144 2043.598 —287.976 —24.8672
5000 547.580 2393.715 1815.544 1336.801 2098.345 —291.322 —24.9283
5100 547.782 2448.483 1826.390 1346.295 2153.113 —294.639 —24.9893
5200 547.973 2503.271 1837.029 1355.630 2207.901 —298.144 —25.0476
5300 548.154 2558.078 1874.468 1364.812 2262.708 —301.750 —25.1044
5400 548.325 2612.902 1857.716 1373.845 2317.532 —305.460 —25.1600
5500 548.487 2667.742 1867.779 1382.735 2372.372 —309.262 —25.2140
5600 548.641 2722.599 1877.663 1391.485 2427.229 —313.156 —25.2667
5700 548.786 2777.470 1887.375 1400.100 2482.100 —317.135 —25.3183
5800 548.925 2832.356 1896.921 1408.584 2536.986 —321.199 —25.3688
5900 549.057 2887.255 1906.305 1416.940 2591.855 —325.340 —25.4180
6000 549.182 2942.167 1915.535 1425.173 2646.797 —329.553 —25.4663
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TaBLE 43. Molecular properties of H,Cls0,- (2,4-dichlorophenoxy-1,3',5’ -trichlorophenyl-6-6-ether radical-GICgH,(0-) —O— GH,Cl5). Values listed
with bold characters were chosen for thermodynamic calculatiens-+-and statistical weight 2

Enthalpy of formation
A¢H°(298.15 K / kcal mol*

Zero point energy
ZPE / kcal mof'?

Our estimate —30.62+6.0
NIST 947 -33.7
PM3 —17.41 81.110
PM3 UHF —29.34 80.336
AM1 -9.88 85.293
AM1 UHF -21.17 84.307
Moments of inertia of the molecule / g ém10™%°
MOPAC method I, Iy I
PM3 212.47412 647.327 722 661.920 80
PM3 UHF 216.561 95 655.924 756 676.466 06
AM1 218.107 15 660.782 78 679.722 27
AM1 UHF 218.872 27 661.159 82 680.536 54
Reduced moment of inerfial, (tch)=84.51393 g cnfxX 10 %% o, =2; V(2)=1116cm 1.
I, (dcp)="74.007g cn?x 10 %, o, =2; V(2)=1116cm L.
Molecular vibrations / cm®
PM3 12.4 19.8 30.5 57.7 81.2 129
143 149 169 185 186 194
220 263 310 323 338 365
370 389 423 449 481 518
530 541 553 571 643 716
755 766 787 812 871 897
924 924 937 946 962 1079
1090 1156 1162 1191 1263 1308
1315 1385 1414 1448 1517 1571
1626 1673 1754 1766 1874 3042
3048 3056 3059
PM3 UHF 13.9 16.2 31 50.4 77.9 126
140 148 160 179 185 193
215 266 282 331 334 365
370 401 422 435 469 508
520 523 544 561 623 720
743 745 788 805 862 871
885 902 911 931 969 1075
1090 1156 1163 1172 1283 1348
1356 1390 1420 1450 1496 1553
1569 1602 1710 1723 1802 3042
3051 3055 3058
AM1 14.7 18.14 33.7 51.3 79.5 133
147 158 175 186 199 207
235 302 304 355 359 406
439 448 464 473 515 555
557 564 586 593 656 771
775 853 908 915 921 942
944 947 960 981 1082 1188
1207 1253 1257 1302 1240 1357
1392 1469 1473 1503 1540 1622
1672 1704 1732 1746 1977 3163
3171 3174 3174
AML1 UHF 11.8 16.5 30.1 50.9 78.1 129
145 154 299 351 356 398
436 447 461 469 483 523
539 550 581 583 649 750
756 847 878 901 902 913
922 924 953 972 1075 1182
1202 1256 1261 1293 1377 1413
1442 1458 1485 1510 1518 1589
1613 1656 1675 1689 1869 3166
3173 3175 3177
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TaBLE 44. Thermodynamic properties of;£1,Cls0,- (2,4-dichlorophenoxy-1,3',5’ -trichlorophenyl-6-2-ether radical (M, = 357.426)

Enthalpy Reference Temperate€, =298.15 K Standard State Pressap=0.1 MPa
T C; H°—H°(T,) s° —[G°—H(T)I/T H(T) AH°
(K) (3-K~t-mol™ %) (3-mol™%) (3-K~L-mol™Y) (3-K~L-mol™Y) (kJ-mol~1) (kJ-mol~1) log K¢
0 — —48.225 — — —176.339 —115.128 —
100 128.751 —39.849 403.112 801.600 —167.963 —123.668 40.8060
200 203.682 —23.099 516.231 631.726 —151.213 —126.736 8.1370
298.15 265.216 0.000 609.381 609.381 —128.114 —128.114 —2.8178
300 266.271 0.492 611.025 609.386 —127.622 —128.131 —2.9561
400 317.361 29.770 694.901 620.476 —98.344 —128.590 —8.5448
500 357.479 63.596 770.216 643.023 —64.518 —128.516 —11.9033
600 388.602 100.966 838.263 669.986 —27.148 —128.173 —14.1380
700 412.893 141.090 900.065 698.509 12976  —127.630 —15.7290
800 432.104 183.376 956.502 727.282 55.262 —126.892 —16.9166
900 447518 227.384 1008.319 755.670 99.270  —125.953 —17.8339
1000 460.047 272.783 1056.140 783.357 144.669 —124.856 —18.5619
1100 470.346 319.319 1100.486 810.195 191.205 -—123.614 —19.1520
1200 478.897 366.795 1141.789 836.127 238.680 —122.263 —19.6385
1300 486.057 415.053 1180.412 861.141 286.938 —120.840 —20.0461
1400 492.101 463.969 1216.661 885.254 335.855 —119.405 —20.3902
1500 497.239 513.443 1250.792 908.497 385.329 —117.944 —20.6862
1600 501.636 563.392 1283.027 930.907 435.278 —116.517 —20.9416
1700 505.423 613.750 1313.555 952.526 485.635 —115.146 —21.1640
1800 508.703 664.460 1342.539 973.395 536.346 —113.848 —21.3595
1900 511.559 715.476 1370.121 993.555 587.362 —112.639 —21.5324
2000 514.060 766.760 1396.426 1013.046 638.646 —111.532 —21.6859
2100 516.259 818.278 1421.561 1031.905 690.164 —110.543 —21.8243
2200 518.202 870.003 1445.624 1050.168 741.889 —109.703 —21.9486
2300 519.927 921.911 1468.697 1067.866 793.797 —109.000 —22.0616
2400 521.464 973.982 1490.858 1085.032 845.868 —108.457 —22.1650
2500 522.838 1026.198 1512.174 1101.695 898.084 —108.110 —22.2587
2600 524.071 1078.545 1532.704 1117.879 950.431 —107.926 —22.3454
2700 525.182 1131.009 1552.504 1133.612 1002.895 —107.950 —22.4260
2800 526.186 1183.578 1571.622 1148.916 1055.464 —108.179 —22.5009
2900 527.096 1236.243 1590.103 1163.812 1108.129 —108.621 —22.5702
3000 527.923 1288.994 1607.987 1178.322 1160.880 —109.309 —22.6352
3100 528.676 1341.825 1625.309 1192.463 1213.711 —110.192 —22.6973
3200 529.365 1394.727 1642.105 1206.253 1266.613 —111.325 —22.7557
3300 529.996 1447.696 1658.405 1219.709 1319.582 —112.689 —22.8109
3400 530.575 1500.725 1674.235 1232.846 1372.611 —114.285 —22.8635
3500 531.108 1553.809 1689.623 1245.678 1425.695 —116.130 —22.9145
3600 531.599 1606.945 1704.592 1258.218 1478.831 —118.187 —22.9628
3700 532.053 1660.128 1719.163 1270.480 1532.014 —120.485 —23.0098
3800 532.473 1713.354 1733.358 1282.475 1585.240 —123.001 —23.0547
3900 532.863 1766.621 1747.194 1294.214 1638.507 —125.727 —23.0987
4000 533.225 1819.926 1760.690 1305.708 1691.812 —128.683 —23.1410
4100 533.563 1873.266 1773.861 1316.967 1745.152 —131.808 —23.1829
4200 533.877 1926.638 1786.722 1327.999 1798.524 —135.137 —23.2235
4300 534.170 1980.040 1799.288 1338.813 1851.926 —138.660 —23.2626
4400 534.445 2033.471 1811.571 1349.419 1905.357 —142.387 —23.3009
4500 534.702 2086.929 1823.585 1359.823 1958.815 —146.241 —23.3391
4600 534.942 2140.411 1835.340 1370.033 2012.297 —150.238 —23.3763
4700 535.169 2193.917 1846.847 1380.056 2065.803 —154.364 —23.4131
4800 535.381 2247.444 1858.116 1389.899 2119.330 —158.612 —23.4498
4900 535.581 2300.992 1869.157 1399.567 2172.878 —162.974 —23.4858
5000 535.770 2354.560 1879.979 1409.067 2226.446 —167.562 —23.5204
5100 535.948 2408.146 1890.591 1418.405 2280.032 —172.106 —23.5561
5200 536.115 2461.749 1901.000 1427.586 2333.635 —176.824 —23.5904
5300 536.274 2515.369 1911.213 1436.615 2387.255 —181.630 —23.6243
5400 536.424 2569.004 1921.239 1445.497 2440.890 —186.521 —23.6581
5500 536.567 2622.653 1931.083 1454.237 2494539 —191.489 —23.6913
5600 536.702 2676.317 1940.752 1462.839 2548.203 —196.529 —23.7242
5700 536.830 2729.994 1950.253 1471.307 2601.879 —201.636 —23.7568
5800 536.951 2783.683 1959.590 1479.645 2655.569 —206.807 —23.7890
5900 537.067 2837.384 1968.770 1487.858 2709.270 —212.036 —23.8209
6000 537.177 2891.096 1977.798 1495.948 2762.982 —217.316 —23.8526
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TaBLE 45. Molecular properties of H,0,Clg (2,4,6-trichlorocyclohexa-3,5-diene-1-oné;3 5 -trichlorophenyl-2-6-ethe). Values listed with bold char-
acters were chosen for thermodynamic calculations=2% and statistical weight 1

Enthalpy of formation Zero point energy
A¢H°(298.15 K / kcal mol* ZPE / kcal mott
Our estimate —35.0
PM3 —35.162 82.722
PM3 UHF —35.386 81.422
AM1 —23.83 87.095

Moments of inertia of the molecule / g ém10™%°

MOPAC method la Iy le

PM3 246.485 89 629.756 762.771 37
PM3 UHF 259.718 63 615.0278 719.029 85
AM1 251.858 9 633.5244 740.994 86

Reduced moment of inerfil ,(tcp)=72.5050g cn?x 10 %%, o,,=2; V(2)=1116cm L.

I, (tcp-0-)=133.1776g cn? X 10~ %%, o, =2; V(2)=1116cm 1.

Molecular vibrations / cm®

PM3 8.74 171 34.15 50.6 102 114
131 142 147 149 183 187
193 198 220 282 324 338
354 370 372 405 405 424
434 516 531 545 552 570
621 666 716 740 787 790
798 850 903 919 924 941
947 987 1077 1085 1139 1158

1177 1205 1300 1308 1333 1383
1417 1512 1574 1749 1767 1828
1842 1973 3040 3044 3055 3059

PM3 UHF 8.52 21.87 32.93 50.9 86.5 113
129 141 148 152 182 184
194 199 217 286 320 337
349 362 370 397 402 423
432 505 520 521 549 558
626 660 711 736 781 785
792 844 874 898 910 911
931 967 1074 1083 1139 1157

1167 1187 1301 1307 1349 1354
1414 1447 1493 1555 1693 1708
1724 1958 3042 3045 3056 3059

AM1 10.4 27.78 32.13 53.67 83.5 117
136 146 155 161 188 195
202 218 234 311 349 358
393 402 437 438 455 465
470 555 560 571 592 595
655 722 769 826 852 901
913 927 945 947 952 957
983 1070 1176 1197 1235 1261

1282 1318 1371 1379 1401 1457
1476 1537 1627 1728 1745 1821
1832 2064 3160 3166 3171 3174
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TaBLE 46. Thermodynamic properties of; £1,0,Clg (2,4,6-trichlorocyclohexa-3,5-diene-oné;3’ 5’ -trichlorophenyl-2-6-ethe) (M,=392.879)

Enthalpy Reference Temperatei®, =298.15 K Standard State Pressapp@=0.1 MPa
T C; H°—H°(T,) s° —[G°—H*(T)]/T H(T) AsH°
(K) (3K -mol™ %) (3-mol™ %) (3-K~L-mol™t) (3-K~1-mol™Y) (kJ-mol™1) (kJ-mol~1) log K¢
0 — —51.665 — — —198.105 —132.303 —
100 138.230 —42.900 406.423 835.422 —189.340 —141.910 455713
200 219.548 —24.856 528.256 652.537 —171.296 —145.203 8.1046
298.15 284.786 0.000 628.505 628.505 —146.440 —146.440 —4.4344
300 285.891 0.528 630.270 628.511 —145.912 —146.452 —4.5925
400 338.827 31.873 720.079 640.397 —114.567 —146.580 —10.9726
500 379.767 67.892 800.284 664.500 —78.548 —146.098 —14.7962
600 411.306 107.513 872.434 693.246 —38.927 —145.320 —17.3335
700 435.872 149.922 937.758 723.585 3482 —144.328 —19.1350
800 455.307 194.517 997.279 754.132 48.077 —143.131 —20.4763
900 470.915 240.856 1051.840 784.222 94.416  —141.722 —21.5099
1000 483.617 288.604 1102.135 813.532 142.164 —140.144 —22.3281
1100 494.069 337.504 1148.735 841.913 191.064 —138.414 —22.9896
1200 502.753 387.359 1192.108 869.309 240.919 —136.564 —23.5338
1300 510.030 438.008 1232.646 895.716 291568 —134.636 —23.9884
1400 516.175 489.327 1270.674 921.155 342.887 —132.690 —24.3714
1500 521.401 541.213 1306.469 945.661 394.773 —130.712 —24.6998
1600 525.875 593.582 1340.266 969.277 447.142 —128.766 —24.9824
1700 529.728 646.367 1372.266 992.050 499.927 —126.873 —25.2278
1800 533.066 699.511 1402.641 1014.024 553.071 —125.051 —25.4429
1900 535.974 752.966 1431.542 1035.244 606.526 —123.318 —25.6325
2000 538.519 806.693 1459.100 1055.753 660.253 —121.688 —25.8004
2100 540.758 860.660 1485.430 1075.592 714.220 —120.177 —25.9511
2200 542.737 914.836 1510.632 1094.798 768.396 —118.819 —26.0860
2300 544.493 969.200 1534.798 1113.406 822.760 —117.604 —26.2081
2400 546.058 1023.729 1558.005 1131.451 877.289 —116.555 —26.3194
2500 547.457 1078.406 1580.325 1148.963 931.966 —115.710 —26.4200
2600 548.713 1133.215 1601.821 1165.969 986.775 —115.039 —26.5126
2700 549.844 1188.144 1622.551 1182.498 1041.704 —114.586 —26.5983
2800 550.867 1243.180 1642.567 1198.574 1096.740 —114.353 —26.6776
2900 551.793 1298.314 1661.914 1214.219 1151.874 —114.346 —26.7508
3000 552.635 1353.536 1680.635 1229.456 1207.096 —114.600 —26.8191
3100 553.403 1408.839 1698.768 1244.304 1262.399 —115.067 —26.8841
3200 554.104 1464.215 1716.349 1258.782 1317.775 —115.799 —26.9449
3300 554.746 1519.657 1733.410 1272.908 1373.217 —116.780 —27.0022
3400 555.336 1575.162 1749.980 1286.697 1428.722 —118.010 —27.0566
3500 555.879 1630.723 1766.086 1300.165 1484.283 —119.506 —27.1092
3600 556.379 1686.336 1781.752 1313.326 1539.896 —121.230 —27.1588
3700 556.842 1741.998 1797.003 1326.193 1595.558 —123.210 —27.2070
3800 557.270 1797.704 1811.859 1338.779 1651.264 —125.422 —27.2528
3900 557.667 1853.451 1826.339 1351.095 1707.011 —127.855 —27.2976
4000 558.036 1909.236 1840.463 1363.154 1762.796 —130.530 —27.3405
4100 558.379 1965.057 1854.246 1374.964 1818.617 —133.384 —27.3830
4200 558.699 2020.911 1867.706 1386.537 1874.471 —136.447 —27.4241
4300 558.998 2076.796 1880.856 1397.880 1930.356 —139.711 —27.4635
4400 559.277 2132.710 1893.710 1409.003 1986.270 —143.180 —27.5020
4500 559.539 2188.651 1906.282 1419.915 2042.211 —146.779 —27.5404
4600 559.784 2244.617 1918.583 1430.622 2098.177 —150.521 —27.5777
4700 560.015 2300.607 1930.624 1441.133 2154.167 —154.388 —27.6146
4800 560.231 2356.620 1942.416 1451.454 2210.180 —158.372 —27.6512
4900 560.435 2412.653 1953.970 1461.592 2266.213 —162.464 —27.6872
5000 560.627 2468.706 1965.294 1471.553 2322.266 —166.773 —27.7216
5100 560.808 2524.778 1976.398 1481.343 2378.338 —171.029 —27.7572
5200 560.979 2580.868 1987.290 1490.969 2434.428 —175.449 —27.7912
5300 561.141 2636.974 1997.977 1500.434 2490.534 —179.943 —27.8248
5400 561.294 2693.095 2008.467 1509.746 2546.655 —184.510 —27.8582
5500 561.439 2749.232 2018.768 1518.907 2602.792 —189.138 —27.8911
5600 561.576 2805.383 2028.885 1527.924 2658.943 —193.822 —27.9235
5700 561.706 2861.547 2038.826 1536.800 2715.107 —198.557 —27.9557
5800 561.830 2917.724 2048.596 1545.540 2771.284 —203.339 —27.9874
5900 561.948 2973.913 2058.201 1554.148 2827.473 —208.161 —28.0187
6000 562.060 3030.113 2067.647 1562.628 2883.673 —213.016 —28.0498
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TABLE 47. Molecular properties of EICl;OH-GHCI;OH (2,4,6,2,4' ,6'-hexachloro-biphenyl-3,;3diol). Values listed with bold characters were chosen for
thermodynamic calculationse—= 2 and statistical weight 1

Enthalpy of formation Zero point energy
A¢H°(298.15 K / kcal mol* ZPE / kcal mor?t
THERM®’ —76.94:8
PM3 —69.063 84.847

Moments of inertia of the molecule / g ém10 *°

MOPAC method la Iy le
PM3 225.756 74 649.180 09 662.572 04

Reduced moment of inerfia(I,(OH)=0.142 48g cn?x 10 3% o,,=2; V(2)=1116cm ) x 2.
I, (tcp-tep)=66.590g cn?x 10 %% o,=2; V(2)=1116cm L.

Molecular vibrations / cm®

PM3 43.0 45.8 46.6 90.8 93.3 105.7
106.3 138.7 167 168 188 195
198 234 300 303 326 327
358 358 370 378 392 413
455 539 543 561 596 609
612 628 694 700 726 730
773 802 814 818 905 953
955 1081 1125 1167 1182 1227

1263 1265 1382 1418 1431 1484
1539 1563 1566 1657 1732 1737
1751 1776 3003 3005 3617 3622
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TaBLE 48. Thermodynamic properties of,£1,ClsO, (2,4,6,2,4',6'-hexachloro-biphenyl-3;3diol) (M,=392.879)

Enthalpy Reference Temperate€, =298.15 K Standard State Pressap@=0.1 MPa
T C; H°—H°(T,) S° —[G°—H(T)]/T H(T) AH°
(K) (3-K~t-mol™ %) (3-mol™ %) (3-K~t-mol™Y) (3-K~L-mol™Y) (kJ-mol™1) (kJ-mol™1) log K
0 — —49.483 — — —371.400 —305.599 —
100 124.498 —42.236 357.115 779.480 —364.153 —316.724 134.3067
200 217.649 —24.905 473.526 598.053 —346.822 —320.729 51.0875
298.15 286.707 0.000 573.925 573.925 —321.917 -321.917 23.4567
300 287.837 0.531 575.702 573.931 —321.386 —321.925 23.1090
400 341.147 32.102 666.156 585.902 —289.815 —321.828 9.0953
500 381.782 68.339 746.850 610.171 —253.578 —321.128 0.6975
600 412.894 108.141 819.331 639.096 —213.776 —320.169 —4.8856
700 436.986 150.685 884.865 669.601 —171.232 —319.041 —8.8609
800 455.944 195.368 944.503 700.293 —126.549 —317.757 —11.8314
900 471.119 241.748 999.113 730.504 —80.169 —316.306 —14.1316
1000 483.454 289.497 1049.411 759.913 —32.420 —314.727 —15.9630
1100 493.618 338.367 1095.980 788.374 16.450 —313.028 —17.4536
1200 502.086 388.164 1139.305 815.834 66.248  —311.235 —18.6888
1300 509.211 438.739 1179.782 842.291 116.822  —309.382 —19.7284
1400 515.254 489.971 1217.746 867.767 168.054 —307.523 —20.6130
1500 520.418 541.761 1253.476 892.302 219.844  —305.641 —21.3764
1600 524.860 594.030 1287.208 915.939 272.113  —303.795 —22.0398
1700 528.704 646.713 1319.145 938.726 324.796  —302.004 —22.6215
1800 532.049 699.754 1349.462 960.710 377.837 —300.284 —23.1356
1900 534.974 753.109 1378.309 981.936 431.192 —298.652 —23.5929
2000 537.545 806.737 1405.816 1002.447 484.820 —297.121 —24.0018
2100 539.815 860.608 1432.099 1022.286 538.691 —295.706 —24.3708
2200 541.827 914.692 1457.259 1041.490 592.775 —294.441 —24.7042
2300 543.618 968.966 1481.384 1060.095 647.049 —293.314 —25.0077
2400 545.219 1023.409 1504.555 1078.134 701.492 —292.351 —25.2853
2500 546.654 1078.004 1526.841 1095.640 756.087 —291.589 —25.5389
2600 547.945 1132.735 1548.307 1112.640 810.818 —290.996 —25.7729
2700 549.111 1187.589 1569.009 1129.161 865.672 —290.618 —25.9895
2800 550.166 1242.553 1588.998 1145.229 920.636  —290.457 —26.1905
2900 551.124 1297.619 1608.321 1160.866 975.702  —290.518 —26.3770
3000 551.996 1352.775 1627.020 1176.095 1030.858 —290.838 —26.5511
3100 552.792 1408.015 1645.133 1190.934 1086.098 —291.367 —26.7151
3200 553.521 1463.331 1662.695 1205.404 1141.414 —292.159 —26.8688
3300 554.189 1518.717 1679.738 1219.521 1196.800 —293.197 —27.0133
3400 554.803 1574.167 1696.292 1233.301 1252.250 —294.482 —27.1499
3500 555.369 1629.676 1712.382 1246.760 1307.759 —296.030 —27.2799
3600 555.891 1685.240 1728.035 1259.913 1363.323 —297.804 —27.4027
3700 556.374 1740.853 1743.272 1272.772 1418.936  —299.831 —27.5201
3800 556.822 1796.513 1758.116 1285.349 1474596 —302.089 —27.6315
3900 557.238 1852.217 1772.585 1297.658 1530.300 —304.566 —27.7387
4000 557.624 1907.960 1786.698 1309.708 1586.043 —307.283 —27.8407
4100 557.984 1963.741 1800.472 1321.511 1641.824 —310.177 —27.9395
4200 558.320 2019.556 1813.922 1333.075 1697.639 —313.279 —28.0343
4300 558.633 2075.404 1827.063 1344.411 1753.487 —316.580 —28.1248
4400 558.927 2131.282 1839.909 1355.527 1809.365 —320.085 —28.2121
4500 559.202 2187.189 1852.473 1366.431 1865.272 —323.718 —28.2972
4600 559.460 2243.122 1864.767 1377.131 1921.205 —327.493 —28.3792
4700 559.702 2299.080 1876.801 1387.635 1977.163 —331.392 —28.4588
4800 559.930 2355.062 1888.587 1397.949 2033.145 —335.407 —28.5364
4900 560.144 2411.066 1900.135 1408.080 2089.149 —339.528 —28.6117
5000 560.347 2467.090 1911.453 1418.035 2145.173 —343.866 —28.6839
5100 560.537 2523.134 1922.551 1427.819 2201.217 —348.150 —28.7557
5200 560.718 2579.197 1933.438 1437.438 2257.280 —352.597 —28.8246
5300 560.888 2635.278 1944.120 1446.898 2313.361 —357.116 —28.8918
5400 561.050 2691.375 1954.606 1456.203 2369.458 —361.708 —28.9576
5500 561.202 2747.487 1964.902 1465.359 2425570 —366.360 —29.0216
5600 561.347 2803.615 1975.015 1474.370 2481.698 —371.067 —29.0841
5700 561.485 2859.757 1984.952 1483.240 2537.840 —375.824 —29.1452
5800 561.616 2915.912 1994.718 1491.975 2593.995 —380.628 —29.2050
5900 561.740 2972.080 2004.320 1500.578 2650.163 —385.472 —29.2633
6000 561.859 3028.260 2013.762 1509.052 2706.343  —390.346 —29.3206
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TaBLE 49. Molecular properties of GHsCl;03 (2,4, 7-trichlorodibenzg-dioxin-9-ol). Values listed with bold characters were chosen for thermodynamic
calculations—e-=1 and statistical weight 1

Enthalpy of formation Zero point energy
A¢H°(298.15 K / kcal mol'? ZPE |/ kcal mor?t
Our estimate —83.41
PM3 —68.426 91.952
PM3 UHF —69.807 90.692
AM1 —54.027 94.760
AM1 UHF —55.929 93.581

Moments of inertia of the molecule / g ém10™%°

MOPAC method la Iy lc

PM3 139.999 55 516.769 12 656.574 45
PM3 UHF 138.939 77 514.993 31 653.645 19
AM1 141.604 69 515.358 44 653.790 19
AM1 UHF 141.02594 518.897 17 658.931 97

Reduced moment of inerfial,(OH)=0.1425g cn?x 10 %% o¢,,=2; V(2)=1116cm L.

Molecular vibrations / cm®

PM3 30.7 53.9 1131 119.3 154.2 172
173 195 205 205 257 271
302 344 356 368 392 463
501 531 533 563 567 569
580 621 713 721 732 763
854 898 908 921 926 933
945 1003 1109 1144 1169 1202

1277 1311 1344 1353 1385 1412
1448 1485 1552 1597 1629 1663
1763 1770 1802 1811 3040 3041
3053 3129 3880

PM3 UHF 24.05 51.2 105 118 149 167
177 200 208 211 257 292
301 331 344 371 399 461
487 517 530 542 550 553
577 624 689 703 712 765
850 882 898 902 906 918
919 994 1098 1106 1162 1180

1213 1305 1332 1350 1361 1401
1440 1443 1537 1566 1592 1616
1703 1705 1739 1742 3057 3058
3063 3067 3884

AM1 22.84 48.7 99 132 155 175
186 205 217 223 260 267
336 354 367 412 455 508
522 553 567 575 580 584
613 680 694 711 775 859
914 930 937 940 963 975

1019 1108 1200 1207 1249 1267
1307 1362 1394 1423 1444 1487
1512 1554 1592 1641 1678 1722
1751 1759 1803 1805 3175 3189
3189 3195 3443

AM1 UHF 21.67 46.4 101.5 125 148 166
185 196 208 222 257 265
332 337 348 408 451 505
517 529 544 554 558 565
606 654 669 678 766 851
887 903 908 912 954 964

1013 1100 1191 1199 1243 1267
1306 1394 1426 1433 1446 1473
1517 1535 1566 1616 1646 1682
1685 1694 1739 1743 3177 3189
3190 3195 3443
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TaBLE 50. Thermodynamic properties of, £15Cl;0; (2,4,7-trichlorodibenzg-dioxin-9-ol) (M,=303.528)

Enthalpy Reference Temperatet€, =298.15 K Standard State Pressap@=0.1 MPa
T C; H°—H°(T,) S° —[G°—H(T)]/T H(T) AH°
(K) (3-K~t-mol™ %) (3-mol™ %) (3-K~t-mol™Y) (3-K~L-mol™Y) (kJ-mol™1) (kJ-mol™1) log K
0 — —40.642 — — —389.630 —329.026 —
100 100.498 —34.721 327.444 674.656 —383.709 —340.059 152.5975
200 177.974 —20.663 421.802 525.118 —369.651 —345.583 63.1556
298.15 241.279 0.000 505.020 505.020 —348.987 —348.987 33.3078
300 242.370 0.447 506.516 505.025 —348.540 —349.039 32.9308
400 295.959 27.452 583.834 515.204 —321.536 —351.241 17.6910
500 339.343 59.298 654.716 536.120 —289.690 —352.567 8.4998
600 373.829 95.023 719.756 561.383 —253.964 —353.281 2.3551
700 401.198 133.827 779.517 588.336 —215.161 —353.482 —2.0401
800 423.099 175.081 834.572 615.721 —173.906 —353.222 —5.3367
900 440.833 218.308 885.465 642.901 —130.679 —352.534 —7.8969
1000 455.363 263.141 932.688 669.547 —85.846 —351.499 —9.9402
1100 467.397 309.298 976.671 695.492 —39.690 —350.162 —11.6063
1200 477.459 356.555 1017.784 720.655 7.568  —348.579 —12.9889
1300 485.941 404.737 1056.346 745.010 55.749  —346.813 —14.1537
1400 493.146 453.701 1092.629 768.557 104.713  —344.937 —15.1457
1500 499.308 503.331 1126.868 791.313 154.344  —342.953 —16.0021
1600 504.609 553.534 1159.266 813.307 204.546  —340.933 —16.7466
1700 509.198 604.229 1189.998 834.569 255.242  —338.909 —17.3993
1800 513.191 655.353 1219.219 855.134 306.366  —336.902 —17.9762
1900 516.683 706.851 1247.061 875.035 357.863 —334.941 —18.4892
2000 519.751 758.676 1273.643 894.305 409.688 —333.039 —18.9477
2100 522.459 810.789 1299.069 912.979 461.802 —331.219 —19.3611
2200 524.860 863.157 1323.430 931.086 514.170 —329.514 —19.7345
2300 526.997 915.752 1346.809 948.656 566.765 —327.912 —20.0739
2400 528.905 968.549 1369.279 965.717 619.562 —326.439 —20.3839
2500 530.616 1021.527 1390.905 982.295 672.539 —325.130 —20.6671
2600 532.156 1074.667 1411.747 998.414 725.679  —323.952 —20.9278
2700 533.545 1127.953 1431.857 1014.097 778.966 —322.951 —21.1687
2800 534.802 1181.371 1451.284 1029.366 832.384 —322.121 —21.3918
2900 535.944 1234.910 1470.071 1044.240 885.922 —321.469 —21.5984
3000 536.983 1288.557 1488.258 1058.740 939.569 —321.030 —21.7908
3100 537.931 1342.303 1505.882 1072.881 993.316 —320.750 —21.9716
3200 538.799 1396.140 1522.974 1086.680 1047.153 —320.686 —22.1405
3300 539.594 1450.060 1539.566 1100.154 1101.073 —320.820 —22.2989
3400 540.326 1504.057 1555.686 1113.316 1155.069 —321.153 —22.4482
3500 540.999 1558.124 1571.358 1126.180 1209.136 —321.704 —22.5897
3600 541.621 1612.255 1586.608 1138.759 1263.268 —322.437 —22.7229
3700 542.196 1666.446 1601.455 1151.065 1317.459 —323.386 —22.8498
3800 542.729 1720.693 1615.922 1163.108 1371.705 —324.529 —22.9697
3900 543.224 1774.991 1630.026 1174.900 1426.003 —325.861 —23.0846
4000 543.684 1829.336 1643.785 1186.451 1480.349 —327.409 —23.1936
4100 544.112 1883.726 1657.216 1197.770 1534.739 —329.114 —23.2987
4200 544512 1938.158 1670.332 1208.866 1589.170 —331.013 —23.3989
4300 544.885 1992.628 1683.149 1219.747 1643.640 —333.103 —23.4944
4400 545.234 2047.134 1695.680 1230.422 1698.147 —335.397 —23.5862
4500 545.561 2101.674 1707.937 1240.898 1752.687 —337.824 —23.6751
4600 545.868 2156.246 1719.931 1251.182 1807.258 —340.403 —23.7605
4700 546.156 2210.847 1731.673 1261.280 1861.859 —343.123 —23.8431
4800 546.427 2265.476 1743.175 1271.201 1916.489 —345.982 —23.9233
4900 546.682 2320.132 1754.444 1280.948 1971.144 —348.976 —24.0008
5000 546.923 2374.812 1765.491 1290.529 2025.825 —352.218 —24.0749
5100 547.150 2429.516 1776.324 1299.948 2080.528 —355.445 —24.1483
5200 547.364 2484.242 1786.951 1309.212 2135.254 —358.875 —24.2186
5300 547.567 2538.988 1797.379 1318.325 2190.001 —362.424 —24.2869
5400 547.759 2593.755 1807.616 1327.291 2244767 —366.094 —24.3535
5500 547.941 2648.540 1817.669 1336.116 2299.552 —369.876 —24.4182
5600 548.113 2703.342 1827.543 1344.803 2354.355 —373.768 —24.4812
5700 548.277 2758.162 1837.246 1353.358 2409.175 —377.767 —24.5427
5800 548.432 2812.998 1846.783 1361.783 2464.010 —381.869 —24.6027
5900 548.580 2867.848 1856.159 1370.083 2518.861 —386.070 —24.6613
6000 548.721 2922.713 1865.381 1378.262 2573.726  —390.364 —24.7186
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TaBLE 51. Molecular properties of HsCl,O,- (2,4-dichlorophenoxy-1,3'-dichlorophenyl-6-6-ether radical Values listed with bold characters were
chosen for thermodynamic calculations==1 and statistical weight 2

Enthalpy of formation Zero point energy
A¢H°(298.15 K / kcal mol* ZPE / kcal mott
Our estimate —20.44+6
NIST 94 —26.6
PM3 —13.474 86.920
PM3-UHF —24.979 86.216
AM1 —6.535 91.026

Moments of inertia of the molecule / g é&x 10 3°

MOPAC method I Iy

IC
PM3 187.954 23 618.621 54 651.943 94
PM3 UHF 171.691 56 597.983 69 681.586 36
AM1 165.321 24 603.132 14 666.366 14

Reduced moment of inerftal ,(dcp)=79.988g cn?x 107%% o, =2; V(2)=1116cm 1.
I,(dcb)=48.607g cn? X 107%% ¢,,=2; V(2)=1116cm™ L.

Molecular vibrations / cm®

PM3 12.43 17.37 33.79 52.4 111 130
155 161 174 195 214 257
284 320 343 368 391 393
410 444 482 502 534 540
571 617 664 722 745 768
787 857 879 905 913 928
935 974 994 1065 1095 1128

1159 1170 1186 1273 1300 1312
1382 1409 1432 1523 1576 1644
1674 1760 1773 1879 3036 3048
3054 3060 3069

PM3 UHF 13.50 14.61 35 50.9 110 126
153 158 164 195 213 254
283 317 329 365 389 394
409 442 469 482 508 531
565 615 660 716 743 744
783 849 864 871 885 905
925 967 982 1062 1090 1126

1151 1165 1184 1285 1340 1355
1391 1423 1455 1511 1563 1572
1604 1730 1743 1803 3039 3050
3055 3058 3069

AM1 11.58 19.86 43.14 52.29 110 132
164 170 178 206 226 281
303 333 353 403 423 441
451 476 513 531 556 566
596 651 709 760 776 848
874 905 921 942 946 959
977 990 1086 1164 1186 1206

1251 1276 1285 1339 1361 1387
1471 1472 1508 1545 1626 1668
1702 1741 1757 1976 3163 3172
3172 3181 3195
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TaBLE 52. Thermodynamic properties of, £15Cl,O,- (2,4-dichlorophenoxy-13’-dichlorophenyl-6-6-ether radical (M,=322.981)

Enthalpy Reference Temperaten®, =298.15 K Standard State Pressa@=0.1 MPa
T C; H°—H°(T,) S° —[G°—H*(T)]/T H(T) AH°
(K) (3-K~t-mol™ %) (J-mol™%) (3-K~t-mol™}) (J-K~t-mol™}) (kJ-mol~1) (kJ-mol™1) log K
0 — —44.993 — — —130.514 —69.659 —
100 118.269 —37.130 391.026 762.323 —122.651 —78.756 19.0213
200 189.423 —21.658 495.433 603.725 —107.179 —82.930 —2.0249
298.15 250.467 0.000 582.730 582.730 —85.521 —85.521 —9.2586
300 251.530 0.464 584.282 582.735 —85.057 —85.560 —9.3509
400 303.456 28.305 664.018 593.254 —57.216 —87.174 —13.1098
500 344.685 60.796 736.348 614.755 —24.725 —88.111 —15.3993
600 376.895 96.941 802.159 640.590 11.420 —88.642 —16.9378
700 402.211 135.946 862.235 668.026 50.425 —88.850 —18.0417
800 422.386 177.213 917.309 695.793 91.692 —88.758 —18.8705
900 438.701 220.295 968.034 723.262 134.774 —88.373 —19.5132
1000 452.061 264.855 1014.970 750.115 179.334 —87.748 —20.0244
1100 463.119 310.631 1058.591 776.199 225.110 —86.911 —20.4393
1200 472.354 357.418 1099.295 801.447 271.897 —85.905 —20.7812
1300 480.129 405.053 1137.419 825.840 319.532 —84.780 —21.0676
1400 486.721 453.404 1173.248 849.388 367.883 —83.600 —21.3086
1500 492.346 502.365 1207.025 872.115 416.844 —82.360 —21.5158
1600 497.177 551.847 1238.959 894.054 466.326 —81.126 —21.6939
1700 501.348 601.778 1269.228 915.241 516.257 —79.923 —21.8485
1800 504.971 652.099 1297.989 935.712 566.578 —78.771 —21.9840
1900 508.132 702.757 1325.378 955.506 617.236 —77.692 —22.1034
2000 510.904 753.712 1351.514 974.658 668.191 —76.698 —22.2090
2100 513.347 804.927 1376.502 993.203 719.406 —75.808 —22.3042
2200 515.508 856.372 1400.433 1011.173 770.851 —75.054 —22.3893
2300 517.428 908.021 1423.392 1028.600 822.500 —74.423 —22.4665
2400 519.141 959.851 1445.450 1045.512 874.330 —73.939 —22.5372
2500 520.674 1011.843 1466.674 1061.937 926.322  —73.638 —22.6009
2600 522.052 1063.980 1487.123 1077.900 978.459  —73.486 —22.6599
2700 523.294 1116.249 1506.849 1093.423 1030.728  —73.528 —22.7149
2800 524.417 1168.635 1525.900 1108.531 1083.114  —73.761 —22.7660
2900 525.435 1221.128 1544.321 1123.242 1135.608  —74.191 —22.8131
3000 526.361 1273.719 1562.150 1137.577 1188.198  —74.851 —22.8574
3100 527.205 1326.398 1579.423 1151.553 1240.877  —75.689 —22.9003
3200 527.977 1379.158 1596.174 1165.187 1293.637 —76.762 —22.9404
3300 528.684 1431.991 1612.431 1178.495 1346.470 —78.051 —22.9785
3400 529.334 1484.893 1628.224 1191.491 1399.372  —79.556 —23.0150
3500 529.932 1537.856 1643.577 1204.189 1452.335  —81.296 —23.0507
3600 530.484 1590.877 1658.513 1216.603 1505.356  —83.235 —23.0845
3700 530.994 1643.952 1673.055 1228.744 1558.431  —85.402 —23.1178
3800 531.466 1697.075 1687.222 1240.623 1611.554  —87.777 —23.1496
3900 531.904 1750.244 1701.033 1252.252 1664.723  —90.353 —23.1813
4000 532.311 1803.455 1714.505 1263.641 1717.934  —93.153 —23.2116
4100 532.690 1856.705 1727.653 1274.799 1771.184  —-96.118 —23.2422
4200 533.044 1909.992 1740.494 1285.734 1824.471  —99.283 —23.2720
4300 533.374 1963.313 1753.041 1296.457 1877.792 —102.642 —23.3007
4400 533.682 2016.666 1765.307 1306.973 1931.145 —106.206 —23.3289
4500 533.971 2070.049 1777.303 1317.292 1984.528 —109.901 —23.3576
4600 534.242 2123.459 1789.042 1327.421 2037.939 —113.746 —23.3856
4700 534.497 2176.897 1800.535 1337.365 2091.376 —117.726 —23.4136
4800 534.736 2230.358 1811.790 1347.132 2144837 —121.839 —23.4418
4900 534.961 2283.843 1822.818 1356.728 2198.322 —126.077 —23.4696
5000 535.173 2337.350 1833.628 1366.158 2251.829 —130.554 —23.4963
5100 535.374 2390.878 1844.228 1375.428 2305.357 —135.002 —23.5245
5200 535.563 2444 .424 1854.626 1384.544 2358.904 —139.641 —23.5514
5300 535.742 2497.990 1864.829 1393.510 2412.469 —144.383 —23.5783
5400 535.911 2551.572 1874.845 1402.331 2466.052 —149.229 —23.6052
5500 536.071 2605.172 1884.680 1411.012 2519.651 —154.171 —23.6319
5600 536.223 2658.786 1894.340 1419.557 2573.265 —159.205 —23.6584
5700 536.367 2712.416 1903.832 1427.970 2626.895 —164.326 —23.6850
5800 536.504 2766.060 1913.162 1436.255 2680.539 —169.532 —23.7113
5900 536.634 2819.717 1922.334 1444.416 2734.196 —174.816 —23.7375
6000 536.758 2873.386 1931.355 1452.457 2787.865 —180.173 —23.7637
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TaBLE 53. Molecular properties of GH5Cl,O3¢ (1,3-dichloro-1-ol-2-yl-3,5,-cyclohexadienedioxin-6,8-dichlorobenzen radigalValues listed with bold
characters were chosen for thermodynamic calculations—and statistical weight 2

Enthalpy of formation Zero point energy
A¢H°(298.15 K / kcal mol'? ZPE |/ kcal mor?t
Our estimate —103.35:15
PM3 —53.662 91.137
PM3 UHF —65.55 90.126
AM1 —35.988 94.685
AM1 UHF —49.63 93.659

Moments of inertia of the molecule / g ém10™%°

MOPAC method la Iy lc

PM3 190.562 5 565.817 15 723.242 22
PM3 UHF 190.525 61 567.289 90 725.085 04
AM1 191.647 01 573.244 17 726.960 97
AM1 UHF 191.49153 574.404 16 729.879 90

Reduced moment of inerfial,(OH)=0.1364g cn?Xx 10 %% ¢,,=2; V(2)=1116cm L.

Molecular vibrations / cm®

PM3 20.3 315 78.9 98.9 108.2 131
153.4 168.6 177.4 194 217 247
275 294 303 343 352 373
401 414 460 485 511 536
541 564 566 607 621 685
712 731 765 855 878 885
913 925 930 943 993 1101
1103 1125 1173 1194 1247 1274
1317 1327 1361 1379 1412 1440
1497 1565 1608 1672 1775 1784
1788 3056 3057 3061 3068 3887

PM3 UHF 23 35.3 74.4 94 107 128
153 167 175 193 214 245
282 296 303 332 345 357
401 406 455 479 485 509
517 546 557 580 621 668
696 709 762 824 840 858
881 899 915 917 987 1096
1099 1125 1172 1193 1259 1320
1336 1354 1371 1397 1421 1445
1503 1537 1572 1606 1615 1710
1716 3057 3058 3061 3065 3887

AM1 13.8 30.5 82.4 99.7 119 137
156 174 185 209 221 251
290 317 332 358 380 404
454 456 503 521 543 554
557 578 594 627 674 709
731 786 858 894 930 939
944 956 965 1018 1098 1182
1201 1213 1258 1271 1324 1357
1376 1416 1438 1478 1491 1496
1572 1602 1667 1715 1759 1777
1784 3171 3183 3185 3197 3459

AM1 UHF 22.7 34.5 78.5 97.8 116 133
156 171 182 208 220 249
294 316 328 344 367 400
443 451 496 512 516 529
533 552 577 605 667 671
718 778 843 849 878 906
910 948 956 1008 1092 1173
1196 1215 1262 1274 1347 1410
1425 1441 1449 1481 1490 1507
1565 1586 1619 1638 1669 1689
1709 3174 3184 3191 3194 3459
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TaBLE 54. Thermodynamic properties of; £15Cl,O5- (1,3-dichloro-1-o0l-2-yl-3,5,-cyclohexadieneeioxin-6,8-dichlorobenzene radiggIM, = 338.981)

Enthalpy Reference Temperater®, =298.15 K Standard State Pressap?=0.1 MPa
T C; H°—H°(T,) S° —[G°—=H(T)IT H(T) A¢H®
(K) (J-K~t-mol™Y) (J-mol™1) (J-K~-mol™?) (J-K~t-mol™ %) (kJ-mol™%) (kJ-mol™1) log K¢
0 — —45.331 — — —477.747 —412.552 —
100 113.687 —38.579 353.314 739.104 —470.995 —424.211 192.9680
200 197.895 —22.848 458.994 573.235 —455.265 —429.581 81.5522
298.15 265.578 0.000 551.043 551.043 —432.416 —432.416 44.5016
300 266.735 0.492 552.689 551.048 —431.924 —432.455 44.0345
400 323.048 30.083 637.428 562.220 —402.333 —433.805 25.1798
500 367.740 64.713 714.517 585.091 —367.703 —434.133 13.8442
600 402.628 103.304 784.779 612.606 —329.113 —433.797 6.2879
700 429.933 144.986 848.979 641.856 —287.430 —432.955 0.8975
800 451.570 189.102 907.855 671.478 —243.314 —431.684 —3.1358
900 468.972 235.160 962.083 700.795 —197.257 —430.026 —6.2619
1000 483.168 282.790 1012.254 729.464 —149.627 —428.062 —8.7523
1100 494.891 331.711 1058.872 757.316 —100.705 —425.835 —10.7799
1200 504.674 381.704 1102.365 784.278 —50.713 —423.399 —12.4603
1300 512.911 432.594 1143.095 810.330 0.178 —420.811 —13.8743
1400 519.903 484.244 1181.368 835.479 51.828 —418.139 —15.0776
1500 525.878 536.541 1217.447 859.753 104.125 —415.385 —16.1151
1600 531.019 589.392 1251.554 883.184 156.976 —412.617 —17.0164
1700 535.467 642.722 1283.884 905.812 210.305 —409.863 —17.8060
1800 539.338 696.466 1314.602 927.677 264.050 —407.146 —18.5034
1900 542.722 750.573 1343.856 948.817 318.157 —404.490 —19.1232
2000 545.696 804.997 1371.771 969.272 372,581 —401.910 —19.6769
2100 548.322 859.701 1398.460 989.079 427.284  —399.427 —20.1756
2200 550.649 914.652 1424.023 1008.272 482.235 —397.073 —20.6256
2300 552.720 969.822 1448.547 1026.885 537.406 —394.838 —21.0345
2400 554.570 1025.188 1472.110 1044.948 592.772 —392.747 —21.4076
2500 556.229 1080.730 1494.783 1062.491 648.313 —390.838 —21.7482
2600 557.721 1136.428 1516.628 1079.541 704.012 —389.077 —22.0614
2700 559.068 1192.269 1537.703 1096.122 759.853 —387.509 —22.3506
2800 560.287 1248.238 1558.057 1112.258 815.821 —386.133 —22.6182
2900 561.394 1304.323 1577.738 1127.971 871.906 —384.955 —22.8657
3000 562.402 1360.513 1596.787 1143.283 928.097 —384.010 —23.0961
3100 563.321 1416.800 1615.244 1158.211 984.384 —383.244 —23.3122
3200 564.163 1473.175 1633.142 1172.775 1040.759 —382.716 —23.5138
3300 564.934 1529.630 1650.514 1186.990 1097.214 —382.406 —23.7028
3400 565.644 1586.160 1667.390 1200.872 1153.743 —382.316 —23.8807
3500 566.297 1642.757 1683.796 1214.437 1210.341 —382.463 —24.0489
3600 566.900 1699.418 1699.757 1227.697 1267.001 —382.813 —24.2072
3700 567.458 1756.136 1715.298 1240.666 1323.719 —383.394 —24.3577
3800 567.975 1812.908 1730.438 1253.357 1380.491 —384.187 —24.4999
3900 568.455 1869.730 1745.197 1265.780 1437.313 —385.183 —24.6358
4000 568.901 1926.598 1759.595 1277.946 1494.181 —386.408 —24.7645
4100 569.317 1983.509 1773.648 1289.865 1551.092 —387.801 —24.8883
4200 569.704 2040.460 1787.372 1301.548 1608.044 —389.398 —25.0063
4300 570.066 2097.449 1800.781 1313.003 1665.032 —391.191 —25.1187
4400 570.405 2154.473 1813.891 1324.238 1722.056 —393.194 —25.2264
4500 570.722 2211.529 1826.713 1335.262 1779.113 —395.332 —25.3306
4600 571.020 2268.616 1839.260 1346.083 1836.200 —397.624 —25.4305
4700 571.299 2325.732 1851.544 1356.707 1893.316 —400.054 —25.5268
4800 571.562 2382.876 1863.574 1367.142 1950.459 —402.621 —25.6202
4900 571.810 2440.044 1875.362 1377.394 2007.628 —405.317 —25.7102
5000 572.043 2497.237 1886.917 1387.469 2064.821 —408.254 —25.7963
5100 572.264 2554.453 1898.247 1397.374 2122.036 —411.167 —25.8812
5200 572.472 2611.689 1909.361 1407.113 2179.273 —414.274 —25.9624
5300 572.668 2668.947 1920.268 1416.693 2236.530 —417.487 —26.0412
5400 572.855 2726.223 1930.974 1426.118 2293.806 —420.809 —26.1178
5500 573.031 2783.517 1941.487 1435.393 2351.101 —424.229 —26.1921
5600 573.198 2840.829 1951.813 1444523 2408.412 —427.744 —26.2643
5700 573.357 2898.157 1961.960 1453.512 2465.740 —431.350 —26.3346
5800 573.508 2955.500 1971.933 1462.364 2523.084 —435.043 —26.4031
5900 573.652 3012.858 1981.738 1471.084 2580.442 —438.818 —26.4696
6000 573.788 3070.230 1991.381 1479.676 2637.814 —442.667 —26.5347

J. Phys. Chem. Ref. Data, Vol. 32, No. 2, 2003



THERMODYNAMICS OF CHLORINATED MOLECULES AND RADICALS 507

TaBLE 55. Molecular properties ofC,,H5Cl,O3 (1,3,-dichloro-2-ol-3-yl-1,4-cyclohexadiemedioxin-6,8-dichlorobenzene radigaMalues listed with bold

characters were chosen for thermodynamic calculations—+and statistical weight 2

Enthalpy of formation
A¢H°(298.15 K / kcal mol'?

Zero point energy
ZPE | kcal mor*

Our estimate —76.91*+15
PM3 —55.04 91.101
PM3 UHF —66.93 90.214
AM1 UHF —55.51 94.247
Moments of inertia of the molecule / g ém102°
MOPAC method R I I
PM3 187.929 1 582.17979 756.073 31
PM3 UHF 185.239 3 589.553 88 770.966 83
AM1 UHF 187.834 74 596.779 18 781.711 24
Reduced moment of inerfial,(OH)=0.1364g cn?X 10 %% o,,=2; V(2)=1116cm *.
Molecular vibrations / cm®
PM3 25.41 43.59 58.3 92.1 119 149
156 166 192 198 204 228
264 274 309 344 349 365
372 401 449 474 512 535
566 576 620 623 666 716
727 735 804 839 900 917
922 941 953 1011 1014 1044
1090 1111 1174 1204 1301 1308
1325 1335 1348 1359 1370 1415
1514 1565 1616 1653 1745 1785
1791 2852 3051 3059 3062 3888
PM3 UHF 25.58 34 46.79 102.6 105.2 144
157 159 191 195 198 234
256 298 304 331 347 355
372 399 446 448 506 517
546 565 592 623 639 696
712 719 799 835 871 889
898 914 948 1003 1010 1036
1087 1104 1172 1204 1302 1318
1330 1356 1360 1368 1392 1493
1513 1534 1577 1591 1606 1713
1718 2852 3052 3059 3063 3890
AM1 UHF 20.23 29.2 39.7 98.5 114.2 144.4
157 172.8 194 211 215 249
292 325 341 342 362 384
406 450 466 491 527 537
553 577 612 666 669 674
754 815 887 888 907 911
930 965 1048 1121 1140 1186
1207 1250 1262 1293 1367 1399
1426 1442 1448 1452 1515 1525
1561 1589 1614 1641 1656 1697
1713 2970 3176 3176 3191 3482
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TaBLE 56. Thermodynamic properties 6€,,H5Cl,O; (1,3,-dichloro-2-ol-3-yl-1,4-cyclohexadienedioxin-6,8-dichlorobenzene radiggIM,= 338.977)

Enthalpy Reference Temperatei®, =298.15 K Standard State Pressap@=0.1 MPa
T C; H°—H°(T,) s° —[G°—H(T)I/T H(T) AH°
(K) (3-K t-mol™ 1) (3-mol™ %) (3-K~L-mol™Y) (3-K~L-mol™Y) (kJ-mol~1) (kJ-mol~1) log K
0 — —45.226 — — —367.018 —301.823 —
100 114.481 —38.469 352.693 737.382 —360.260 —313.476 135.0949
200 197.185 —22.713 458.615 572.178 —344.504 —318.821 52.6055
298.15 263.787 0.000 550.127 550.127 —321.791 —321.791 25.0732
300 264.937 0.489 551.762 550.132 —321.302 —321.833 24.7257
400 321.278 29.896 635.973 561.232 —291.895 —323.367 10.6824
500 366.327 64.366 712.703 583.971 —257.425 —323.855 2.2291
600 401.601 102.835 782.743 611.351 —218.956 —323.641 —3.4082
700 429.239 144.432 846.810 640.478 —177.359 —322.885 —7.4292
800 451.139 188.492 905.612 669.996 —133.299 —321.669 —10.4361
900 468.739 234517 959.801 699.226 —87.274 —320.043 —12.7642
1000 483.078 282.132 1009.954 727.823 —39.660 —318.095 —14.6163
1100 494.902 331.049 1056.569 755.615 9.258 —315.872 —16.1218
1200 504.754 381.046 1100.066 782.527 59.255 —313.431 —17.3670
1300 513.038 431.948 1140.804 808.537 110.156 —310.832 —18.4128
1400 520.059 483.612 1179.088 833.651 161.821 —308.147 —19.3004
1500 526.052 535.925 1215.178 857.895 214134 —305.376 —20.0643
1600 531.202 588.794 1249.298 881.301 267.003 —302.590 —20.7262
1700 535.654 642.143 1281.638 903.907 320.351 —299.817 —21.3046
1800 539.524 695.906 1312.368 925.753 374.115 —297.082 —21.8141
1900 542.906 750.031 1341.631 946.877 428.240 —294.407 —22.2657
2000 545.875 804.473 1369.555 967.319 482.682 —291.809 —22.6681
2100 548.495 859.195 1396.253 987.113 537.403 —289.308 —23.0298
2200 550.815 914.162 1421.824 1006.296 592.371 —286.937 —23.3554
2300 552.880 969.349 1446.355 1024.899 647.558 —284.686 —23.6505
2400 554.723 1024.731 1469.925 1042.954 702.940 —282.580 —23.9194
2500 556.375 1080.287 1492.604 1060.489 758.496 —280.655 —24.1641
2600 557.861 1136.001 1514.455 1077.532 814.209 —278.880 —24.3888
2700 559.201 1191.855 1535.534 1094.107 870.063 —277.299 —24.5960
2800 560.414 1247.837 1555.894 1110.238 926.045 —275.910 —24.7874
2900 561.515 1303.934 1575.579 1125.946 982.142 —274.719 —24.9640
3000 562.517 1360.136 1594.632 1141.253 1038.345 —273.762 —25.1282
3100 563.431 1416.434 1613.092 1156.178 1094.643 —272.985 —25.2823
3200 564.268 1472.820 1630.994 1170.737 1151.028 —272.446 —25.4259
3300 565.035 1529.286 1648.369 1184.949 1207.494 —-272.126 —25.5604
3400 565.739 1585.825 1665.248 1198.829 1264.033 —272.026 —25.6869
3500 566.389 1642.432 1681.657 1212.390 1320.640 —272.164 —25.8067
3600 566.988 1699.101 1697.621 1225.648 1377.309 —272.504 —25.9193
3700 567.542 1755.828 1713.163 1238.615 1434.036 —273.077 —26.0266
3800 568.055 1812.608 1728.305 1251.303 1490.816 —273.862 —26.1278
3900 568.531 1869.437 1743.067 1263.724 1547.646 —274.851 —26.2247
4000 568.974 1926.313 1757.467 1275.889 1604.521 —276.068 —26.3166
4100 569.387 1983.231 1771.521 1287.806 1661.440 —277.453 —26.4052
4200 569.772 2040.189 1785.247 1299.488 1718.398 —279.043 —26.4897
4300 570.131 2097.185 1798.658 1310.941 1775.393 —280.831 —26.5702
4400 570.467 2154.215 1811.769 1322.175 1832.423 —282.827 —26.6474
4500 570.782 2211.277 1824.593 1333.198 1889.486 —284.959 —26.7225
4600 571.077 2268.371 1837.141 1344.017 1946.579 —287.245 —26.7945
4700 571.355 2325.492 1849.426 1354.640 2003.701 —289.670 —26.8642
4800 571.616 2382.641 1861.458 1365.074 2060.850 —292.230 —26.9320
4900 571.861 2439.815 1873.246 1375.325 2118.024 —294.921 —26.9975
5000 572.093 2497.013 1884.802 1385.399 2175.221 —297.853 —27.0601
5100 572.312 2554.233 1896.133 1395.303 2232.442 —300.762 —27.1223
5200 572.518 2611.475 1907.248 1405.042 2289.683 —303.863 —27.1818
5300 572.713 2668.736 1918.156 1414.620 2346.945 —307.073 —27.2396
5400 572.898 2726.017 1928.863 1424.045 2404.226 —310.390 —27.2961
5500 573.073 2783.316 1939.376 1433.319 2461.524 —313.806 —27.3510
5600 573.239 2840.631 1949.704 1442.448 2518.840 —317.317 —27.4045
5700 573.396 2897.963 1959.851 1451.437 2576.172 —320.918 —27.4567
5800 573.546 2955.310 1969.825 1460.289 2633.519 —324.608 —27.5077
5900 573.688 3012.672 1979.631 1469.008 2690.881 —328.379 —27.5575
6000 573.824 3070.048 1989.274 1477.599 2748.256 —332.224 —27.6062
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TaBLE 57. Molecular properties of GHsClsO, (2,4-dichlorophenol-1,3',5' -trichlorophenyl-6-6-ether—CJCgH,(OH) —O—-GH,Cl3). Values listed with

bold characters were chosen for thermodynamic calculatierrs-+-and statistical weight 1

Enthalpy of formation
A¢H°(298.15 K / kcal mol*

Zero point energy
ZPE / kcal mof'?

Our estimate —59.7%+5
NIST 94 —67.4
PM3 —50.80 89.755
PM3 UHF —49.96 88.907
AM1 —44.19 92.140
AM1 UHF —43.24 93.027
Moments of inertia of the molecule / g ém10™%°
MOPAC method I, Iy I
PM3 236.939 34 577.550 84 706.860 84
PM3 UHF 231.814 92 588.289 92 700.566 99
AM1 223.33542 656.511 75 678.75177
AM1 UHF 223.089 67 649.018 79 680.025 74
Reduced moment of inerfial,(OH)=0.1364g cn?Xx 10 %% ¢,,=2; V(2)=1116cm L.
I,(tch)=84.797g cn? X 10 %%, o =2; V(2)=1116cm L.
I, (dep)=73.905g cn?x 10 %, o, =2; V(2)=1116cm L.
Molecular vibrations / cm®
PM3 14.07 18.62 32.15 76.9 83.2 139
142 151 180 186 191 196
217 272 297 316 336 357
371 375 406 424 435 521
530 534 552 565 573 618
729 737 747 789 816 895
908 921 926 939 949 996
1081 1107 1159 1174 1200 1292
1330 1347 1384 1429 1451 1515
1565 1581 1623 1752 1767 1773
1781 3045 3053 3058 3062 3855
PM3 UHF 20.66 27.6 45.8 82.9 95.8 136
142 151 179 188 192 197
221 269 285 317 342 352
370 371 398 422 426 485
516 534 546 549 580 633
710 723 754 782 802 879
886 911 915 929 933 977
1077 1096 1157 1161 1171 1285
1326 1339 1364 1387 1418 1496
1540 1556 1594 1708 1714 1720
1734 3052 3055 3058 3059 3845
AM1 9.18 17.8 31.9 76.2 86.5 142
147 159 188 189 201 207
234 262 289 317 325 368
415 438 454 465 469 545
557 567 577 583 607 642
714 777 854 900 915 931
940 944 946 975 982 1097
1191 1214 1253 1261 1314 1372
1376 1413 1472 1486 1527 1541
1609 1628 1691 1730 1745 1770
1772 3172 3175 3178 3181 3409
AM1 UHF 7.97 23.77 32.18 76.06 81.5 139
145 159 182 184 199 209
234 236 289 311 349 357
412 436 451 461 465 527
543 553 558 573 598 634
682 762 848 895 909 914
919 929 932 965 974 1092
1087 1210 1258 1264 1298 1383
1408 1422 1451 1471 1515 1519
1592 1605 1669 1673 1690 1709
1730 3167 3170 3172 3178 3425
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TasLE 58. Thermodynamic properties of,£15ClsO, (2,4-dichlorophenol-1,3',5' -trichlorophenyl-6-6-ethe) (M, = 358.434)

Enthalpy Reference Temperatet€, =298.15 K Standard State PressapE=0.1 MPa
T C; H°—H°(T,) S° —[G°—H(T)]/T H(T) AsH°
(K) (3-K - mol™ %) (3-mol™ %) (3-K~t-mol™Y) (3-K~L-mol™Y) (kJ-mol™ 1) (kJ-mol~1) log K
0 — —-47.711 — — —297.872 —232.427 —
100 122.687 —40.093 379.465 780.393 —290.254 —243.224 99.3887
200 205.729 —23.495 491.202 608.677 —273.656 —247.791 35.3268
298.15 270.758 0.000 585.917 585.917 —250.161 —250.161 13.9253
300 271.856 0.502 587.596 585.923 —249.659 —250.194 13.6551
400 324.646 30.432 673.335 597.255 —219.729 —251.455 2.7370
500 365.848 65.044 750.398 620.310 —185.117 —252.056 —3.8388
600 397.810 103.294 820.047 647.891 —146.868 —252.298 —8.2293
700 422.826 144.375 883.325 677.075 —105.786 —252.266 —11.3671
800 442.709 187.688 941.132 706.522 —62.473 —251.977 —13.7192
900 458.770 232.790 994.236 735.580 -17.371 —251.432 —15.5455
1000 471.927 279.346 1043.275 763.929 29.184 —250.680 —17.0027
1100 482.837 327.101 1088.782 791.418 76.939  —249.740 —18.1909
1200 491.973 375.854 1131.197 817.985 125.693 —248.648 —19.1771
1300 499.690 425.448 1170.889 843.622 175.287 —247.451 —20.0082
1400 506.256 475.754 1208.167 868.343 225.593  —246.208 —20.7159
1500 511.881 526.668 1243.292 892.180 276.507 —244.910 —21.3275
1600 516.728 578.104 1276.486 915.171 327.943 —243.622 —21.8594
1700 520.929 629.992 1307.942 937.358 379.831 —242.368 —22.3260
1800 524.589 682.272 1337.823 958.783 432,111 —241.167 —22.7387
1900 527.793 734.895 1366.274 979.488 484.733  —240.038 —23.1061
2000 530.611 787.818 1393.420 999.511 537.656 —238.996 —23.4348
2100 533.101 841.006 1419.370 1018.891 590.844 —238.060 —23.7318
2200 535.309 894.428 1444221 1037.663 644.267 —237.262 —24.0003
2300 537.276 948.060 1468.061 1055.861 697.898 —236.590 —24.2450
2400 539.034 1001.877 1490.965 1073.517 751.715 —236.072 —24.4691
2500 540.610 1055.860 1513.002 1090.658 805.699 —235.743 —24.6739
2600 542.029 1109.993 1534.233 1107.313 859.832 —235.571 —24.8632
2700 543.311 1164.262 1554.714 1123.506 914.100 —235.602 —25.0387
2800 544.471 1218.652 1574.494 1139.262 968.490 —235.835 —25.2019
2900 545.524 1273.152 1593.619 1154.601 1022.991 —236.277 —25.3533
3000 546.484 1327.753 1612.130 1169.545 1077.592 —236.964 —25.4949
3100 547.360 1382.446 1630.063 1184.113 1132.285 —237.844 —25.6288
3200 548.161 1437.223 1647.454 1198.322 1187.061 —238.973 —25.7544
3300 548.897 1492.076 1664.334 1212.189 1241915 —240.333 —25.8727
3400 549.572 1547.000 1680.730 1225.730 1296.839 —241.925 —25.9847
3500 550.195 1601.989 1696.670 1238.959 1351.828 —243.768 —26.0917
3600 550.770 1657.038 1712.177 1251.889 1406.876 —245.824 —26.1929
3700 551.302 1712.142 1727.275 1264.534 1461.980 —248.121 —26.2900
3800 551.795 1767.297 1741.984 1276.906 1517.135 —250.640 —26.3823
3900 552.252 1822.499 1756.323 1289.016 1572.338 —253.370 —26.4713
4000 552.678 1877.746 1770.311 1300.874 1627.585 —256.334 —26.556
4100 553.074 1933.034 1783.963 1312.491 1682.873 —259.470 —26.6389
4200 553.444 1988.360 1797.295 1323.876 1738.199 —262.813 —26.7183
4300 553.789 2043.722 1810.322 1335.037 1793.561 —266.353 —26.7943
4400 554.112 2099.117 1823.057 1345.985 1848.956 —270.101 —26.8678
4500 554.415 2154.544 1835.513 1356.725 1904.382 —273.981 —26.9397
4600 554.699 2210.000 1847.701 1367.267 1959.838 —278.009 —27.0092
4700 554.966 2265.483 1859.634 1377.616 2015.322 —282.168 —27.0768
4800 555.217 2320.992 1871.320 1387.780 2070.831 —286.455 —27.1431
4900 555.453 2376.526 1882.771 1397.766 2126.364 —290.859 —27.2075
5000 555.676 2432.082 1893.995 1407.578 2181.921 —295.494 —27.2694
5100 555.886 2487.661 1905.001 1417.224 2237.499 —300.089 —27.3313
5200 556.085 2543.259 1915.797 1426.709 2293.098 —304.863 —27.3908
5300 556.273 2598.877 1926.391 1436.037 2348.716 —309.728 —27.4490
5400 556.450 2654.513 1936.791 1445.214 2404.352 —314.683 —27.5061
5500 556.619 2710.167 1947.003 1454.245 2460.006 —319.718 —27.5619
5600 556.779 2765.837 1957.033 1463.134 2515.676 —324.828 —27.6165
5700 556.930 2821.522 1966.890 1471.886 2571.361 —330.009 —27.6701
5800 557.074 2877.223 1976.577 1480.504 2627.061 —335.256 —27.7227
5900 557.211 2932.937 1986.101 1488.993 2682.776  —340.565 —27.7741
6000 557.342 2988.665 1995.467 1497.356 2738.503 —345.926 —27.8248
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TaBLE 59. Molecular properties of GHgCl,O, (2,4-dichloro-phenol-13’-dichloro-phenyl-6-2-ether—C}CgH,(OH) — O— GH3Cl,). Values listed with bold
characters were chosen for thermodynamic calculations—+and statistical weight 1

Enthalpy of formation Zero point energy
A¢H°(298.15 K / kcal mol* ZPE / kcal mott
Our estimate —49.61
NIST 94 —60.3
PM3 —46.12 95.418

Moments of inertia of the molecule / g ém102°

MOPAC method la L le

PM3 200.857 843 2 625.366 06 651.147 57
Reduced moment of inerfial,(OH)=0.1369g cn?X 10 %% o,,=2; V(2)=1116cm *.

I,(deph)=79.918g cn?x 10~ %% o, =2; V(2)=1116cm 2.
I, (dcb)=48.608g cn? X 107%% o,,=2; V(2)=1116cm™ L.

Molecular vibrations / cm*

PM3 13.1 135 44.1 85.4 97.2 142
153 160 194 197 240 251
272 306 338 343 373 386
401 402 418 455 528 554
557 587 644 673 706 735
750 790 849 884 894 934
935 955 977 1000 1067 1101

1138 1161 1170 1197 1273 1323
1335 1387 1416 1426 1535 1561
1576 1617 1764 1768 1772 1781
3049 3054 3057 3058 3066 3850
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TaBLE 60. Thermodynamic properties of;£15Cl,O, (2,4-dichloro-phenol-1,3’-dichloro-phenyl-6-2-ethe) (M, = 323.986)

Enthalpy Reference Temperaten®, =298.15 K Standard State Pressa@=0.1 MPa
T C; H°—H°(T,) S° —[G°—H*(T)]/T H(T) AsH°
(K) (3-K™t-mol™ %) (J3-mol™%) (3-K~t-mol™Y) (J-K~t-mol™Y) (kJ-mol~1) (kJ-mol~1) log K
0 — —44.729 — — —252.297 —187.209 —
100 113.174 —37.575 368.438 744.187 —245.143 —198.514 77.7643
200 192.509 —22.143 472.241 582.957 —229.711 —204.075 25.2839
298.15 256.821 0.000 561.466 561.466 —207.568 —207.568 7.5994
300 257.924 0.476 563.059 561.471 —207.092 —207.622 7.3752
400 311.476 29.046 644.878 572.264 —178.523 —209.961 -1.7116
500 353.730 62.393 719.115 594.329 —145.175 —211.503 —7.2153
600 386.709 99.482 786.646 620.842 —108.086 —212.553 —10.9065
700 412.676 139.501 848.284 648.996 —68.067 —213.216 —13.5542
800 433.455 181.845 904.795 677.489 —25.723 —213.524 —15.5449
900 450.354 226.064 956.858 705.676 18.495  —213.489 —17.0940
1000 464.291 271.817 1005.051 733.234 64.249 —213.172 —18.3322
1100 475.915 318.845 1049.864 760.005 111.277 —212.603 —19.3432
1200 485.699 366.939 1091.706 785.923 159.371  —211.829 —20.1830
1300 493.998 415.935 1130.919 810.969 208.367 —210.904 —20.8913
1400 501.086 465.698 1167.794 835.153 258.130 —209.893 —21.4945
1500 507.175 516.119 1202.579 858.499 308.551 —208.798 —22.0160
1600 512.436 567.106 1235.483 881.042 359.538 —207.684 —22.4695
1700 517.006 618.583 1266.690 902.817 411.015 —206.582 —22.8672
1800 520.993 670.488 1296.356 923.863 462.920 —205.513 —23.2190
1900 524.490 722.766 1324.621 944.218 515.197 —204.501 —23.5320
2000 527.569 775.372 1351.603 963.917 567.804 —203.561 —23.8120
2100 530.292 828.268 1377.411 982.998 620.699 —202.712 —24.0650
2200 532.710 881.420 1402.137 1001.491 673.852 —201.990 —24.2935
2300 534.865 934.801 1425.865 1019.430 727.233 —201.381 —24.5018
2400 536.793 988.386 1448.670 1036.843 780.817 —200.914 —24.6926
2500 538.523 1042.153 1470.619 1053.758 834.585 —200.623 —24.8669
2600 540.081 1096.084 1491.771 1070.200 888.516 —200.476 —25.0279
2700 541.488 1150.164 1512.181 1086.194 942596 —200.518 —25.1774
2800 542.763 1204.378 1531.897 1101.762 996.809 —200.748 —25.3163
2900 543.921 1258.713 1550.964 1116.925 1051.144 —201.172 —25.4451
3000 544.976 1313.158 1569.421 1131.702 1105.590 —201.826 —25.5656
3100 545.939 1367.705 1587.307 1146.112 1160.137 —202.656 —25.6798
3200 546.821 1422.343 1604.654 1160.172 1214.775 —203.720 —25.7868
3300 547.630 1477.067 1621.493 1173.897 1269.498 —205.000 —25.8876
3400 548.374 1531.867 1637.853 1187.303 1324.299 —206.497 —25.9832
3500 549.060 1586.740 1653.759 1200.405 1379.171 —208.230 —26.0747
3600 549.693 1641.678 1669.235 1213.214 1434.109 —210.163 —26.1611
3700 550.279 1696.677 1684.304 1225.743 1489.108 —212.327 —26.2442
3800 550.822 1751.732 1698.987 1238.005 1544.164 —214.701 —26.3231
3900 551.326 1806.840 1713.301 1250.009 1599.271 —217.278 —26.3995
4000 551.795 1861.996 1727.265 1261.766 1654.428 —220.083 —26.4723
4100 552.231 1917.197 1740.896 1273.287 1709.629 —223.055 —26.5434
4200 552.639 1972.441 1754.209 1284.580 1764.873 —226.231 —26.6116
4300 553.019 2027.724 1767.217 1295.653 1820.156 —229.605 —26.6770
4400 553.376 2083.044 1779.935 1306.516 1875.476 —233.188 —26.7404
4500 553.709 2138.399 1792.374 1317.175 1930.830 —236.906 —26.8025
4600 554.023 2193.786 1804.548 1327.638 1986.217 —240.778 —26.8627
4700 554.317 2249.203 1816.466 1337.912 2041.634 —244.790 —26.9213
4800 554.594 2304.648 1828.139 1348.004 2097.080 —248.939 —26.9789
4900 554.854 2360.121 1839.577 1357.920 2152553 —253.218 —27.0350
5000 555.100 2415.619 1850.789 1367.665 2208.050 —257.740 —27.0888
5100 555.332 2471.140 1861.784 1377.247 2263.572 —262.238 —27.1430
5200 555.551 2526.685 1872.570 1386.669 2319.116 —266.929 —27.1950
5300 555.758 2582.250 1883.154 1395.937 2374.682 —271.730 —27.2460
5400 555.954 2637.836 1893.544 1405.056 2430.267 —276.637 —27.2962
5500 556.140 2693.440 1903.747 1414.030 2485.872 —281.644 —27.3453
5600 556.316 2749.063 1913.769 1422.865 2541.495 —286.747 —27.3934
5700 556.483 2804.703 1923.617 1431.564 2597.135 —291.940 —27.4408
5800 556.642 2860.360 1933.297 1440.131 2652.791 —297.221 —27.4874
5900 556.793 2916.032 1942.814 1448.571 2708.463 —302.584 —27.5330
6000 556.937 2971.718 1952.173 1456.887 2764.150 —308.020 —27.5781
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TaBLE 61. Molecular properties of GHgO (dibenzofurain Values listed with bold characters were chosen for thermodynamic calculatien2-and

statistical weight 1

Enthalpy of formation

A¢H°(298.15 K / kcal mol*

Zero point energy
ZPE / kcal molt

Chirico®? 13.19+0.1
NIST 2006° 11.30+1.1
PM3 26.08 103.011
Moments of inertia of the molecule / g ém102°
MOPAC method I, Iy I
Dorofeev4?® 31.1705 139.729 09 176.8996
PM3 37.5060 138.945 21 176.4376
Molecular vibrations / cm®
|R26
562 589
616 657 675 720 751
841 859 931
1003 1017
1115 1151 1196 1237
1286 1313 1439 1525 1534
1597 1668 1695 1772 1808 1853
1889 1929 2819 2918 3062
Dorofeev&® 118 138 244 289 322 406
430 458 500 518 579 597
617 623 674 705 738 752
796 823 832 842 888 949
970 986 1007 1010 1011 1048
1107 1123 117@)? 1209 1247 1261
1290 1305 1385 1389 1416 1444
1499 1510 1564 1584 1601 1622
30504)? 30534)2
PM3 112.4 153.3 232 269 280 399
433 456 509 522 539 554
634 674 700 770 798 806
823 883 900 907 913 972
976 1015 1018 1058 1087 1105
1121 1140 1160 1161 1198 1211
1303 13362) 1346 1426 1532 1558
1596 1645 1768 1793 1819 1842
30162) 30272) 3042 3043 304@)

Numbers in parenthesis show multiplicity.
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TaBLE 62. Thermodynamic properties of,£13O (dibenzofuran (M,=168.195)

Enthalpy Reference Temperate€, =298.15 K Standard State Pressap@=0.1 MPa
T C; H°—H°(T,) S° —[G°—H(T)]/T H(T) AH°
(K) (3-K~t-mol™ %) (3-mol™ %) (3-K~t-mol™Y) (3-K~L-mol™Y) (kJ-mol™1) (kJ-mol™1) log K
0 — —25.229 — — 29.958 80.812 —
100 56.401 —21.095 269.479 480.424 34.092 70.763 —49.0469
200 105.227 -13.171 322.470 388.324 42.016 62.532 —31.4174
298.15 163.566 0.000 375.274 375.274 55.187 55.187 —26.3220
300 164.667 0.304 376.289 375.277 55.491 55.061 —26.2625
400 220.782 19.642 431.533 382.429 74.829 49.012 —23.9902
500 267.511 44.140 486.007 397.726 99.327 44370 —22.7693
600 304.771 72.826 538.204 416.827 128.013 40.831 —22.0266
700 334.435 104.842 587.497 437.723 160.029 38.198 —21.5352
800 358.360 139.523 633.772 459.368 194.710 36.343 —21.1881
900 377.943 176.369 677.148 481.182 231.556 35.175 —20.9288
1000 394.172 215.000 717.834 502.835 270.187 34.570 —20.7264
1100 407.755 255.116 756.059 524.135 310.303 34.447 —20.5628
1200 419.212 296.480 792.043 544.976 351.667 34.712 —20.4260
1300 428.942 338.901 825.993 565.300 394.088 35.280 —20.3094
1400 437.253 382.221 858.093 585.078 437.408 36.056 —20.2064
1500 444.393 426.312 888.510 604.301 481.499 37.018 -20.1164
1600 450.557 471.067 917.392 622.975 526.254 38.086 —20.0350
1700 455.907 516.397 944.871 641.108 571.584 39.212 —19.9606
1800 460.571 562.226 971.065 658.717 617.413 40.373 —19.8927
1900 464.656 608.492 996.078 675.820 663.679 41531 —19.8303
2000 468.250 655.141 1020.006 692.435 710.328 42.669 —19.7719
2100 471.426 702.128 1042.930 708.583 757.315 43.765 —19.7185
2200 474.242 749.414 1064.927 724.284 804.601 44785 —19.6683
2300 476.750 796.966 1086.064 739.557 852.153 45742 —19.6216
2400 478.991 844.755 1106.403 754.422 899.942 46.610 —19.5783
2500 481.000 892.756 1125.998 768.895 947.943 47.359 —19.5370
2600 482.808 940.948 1144.899 782.995 996.135 48.023 —19.4985
2700 484.440 989.312 1163.151 796.739 1044.499 48.559 —19.4629
2800 485.917 1037.831 1180.796 810.142 1093.018 48.977 —19.4295
2900 487.259 1086.491 1197.871 823.219 1141.678 49.268 —19.3974
3000 488.479 1135.279 1214.411 835.985 1190.466 49.402 —19.3673
3100 489.594 1184.183 1230.447 848.452 1239.370 49.438 —19.3402
3200 490.613 1233.195 1246.007 860.634 1288.381 49.311 -19.3141
3300 491.548 1282.303 1261.119 872.542 1337.490 49.044 —19.2897
3400 492.407 1331.502 1275.806 884.188 1386.689 48.634 —19.2668
3500 493.199 1380.783 1290.091 895.582 1435.969 48.058 —19.2459
3600 493.929 1430.139 1303.995 906.734 1485.326 47.348 —19.2258
3700 494.605 1479.567 1317.538 917.655 1534.754 46.469 —19.2077
3800 495.231 1529.059 1330.736 928.352 1584.246 45.435 —19.1902
3900 495.812 1578.611 1343.608 938.836 1633.798 44,250 —19.1748
4000 496.352 1628.220 1356.167 949.113 1683.407 42.876 —19.1597
4100 496.855 1677.880 1368.430 959.191 1733.067 41.372 —19.1469
4200 497.324 1727.590 1380.409 969.078 1782.777 39.689 —19.1346
4300 497.763 1777.344 1392.116 978.780 1832.531 37.828 —19.1229
4400 498.173 1827.141 1403.564 988.305 1882.328 35.763 —19.1122
4500 498.557 1876.978 1414.764 997.658 1932.165 33.567 —19.1032
4600 498.917 1926.852 1425.726 1006.845 1982.039 31.210 —19.0949
4700 499.255 1976.761 1436.459 1015.872 2031.948 28.698 —19.0877
4800 499.573 2026.702 1446.974 1024.744 2081.889 26.024 —19.0818
4900 499.873 2076.675 1457.278 1033.466 2131.862 23.191 —19.0766
5000 500.155 2126.676 1467.379 1042.044 2181.863 20.077 —19.0713
5100 500.422 2176.705 1477.286 1050.481 2231.892 16.943 —19.0686
5200 500.673 2226.760 1487.006 1058.783 2281.947 13.570 —19.0654
5300 500.911 2276.839 1496.545 1066.953 2332.026 10.030 —19.0632
5400 501.137 2326.942 1505.910 1074.995 2382.129 6.328 —19.0618
5500 501.350 2377.066 1515.108 1082.914 2432.253 2.462 —19.0610
5600 501.553 2427.212 1524.143 1090.713 2482.399 —1.569 —19.0608
5700 501.745 2477.377 1533.022 1098.395 2532.564 —5.757 —19.0615
5800 501.927 2527.560 1541.750 1105.964 2582.747  —10.104 —19.0628
5900 502.101 2577.762 1550.332 1113.423 2632.949  —14.607 —19.0646
6000 502.266 2627.980 1558.772 1120.775 2683.167  —19.259 —19.0671
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TaBLE 63. Molecular properties of GHgO, (dibenzop-dioxin). Values listed with bold characters were chosen for thermodynamic calculatiergt-and

statistical weight 1

Enthalpy of formation
A¢H°(298.15 K / kcal mol*

Zero point energy
ZPE / kcal mol'?

Dorofeeva® —14.15+0.9
PM3 -7.95 105.399
Moments of inertia of the molecule / g ém10 *°
MOPAC method la Iy le
Dorofeev&® 39.2555 176.1272 215.3827
PM3 39.6887 175.8305 215.4037
Molecular vibrations / cm®
Dorofeeva® 50.96 114.7 219 246.5 254.5 298
373 436 455 457 459 478
547 583 645 653 689 690
727(2)* 737 829 842 847 859
873 953 954 100Q) 1019 1031
1112 1136 1171 1172 1222 1245
1263 1293 1310 1316 1399 1407
1429 1438 1502 1505 1572 1586
1593 1634 305() 30534)
PM3 42.5 119.7 188.5 241 255 275
427 427 428 430 498 499
542 615 627 698 700 715
800(2) 841 882 893 904 907
962 972 973 101@) 1112 1114
1124 1135 1162 1164 1213 1224
1265 1297 1345 1345 1398 1406
1547 1577 1610 1644 1745 1765
1781 1797 30241) 30342) 30492)

*Numbers in parenthesis show multiplicity.
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TaBLE 64. Thermodynamic properties of;£130, (dibenzop-dioxin) (M,=184.194)

Enthalpy Reference Temperate€, =298.15 K Standard State Pressap@=0.1 MPa
T C; H°—H°(T,) S° —[G°—H(T)]/T H(T) AH°
(K) (3-K~t-mol™ %) (3-mol™ %) (3-K~t-mol™Y) (3-K~L-mol™Y) (kJ-mol™1) (kJ-mol™1) log K
0 — —28.336 — — —87.536 —32.342 —
100 64.413 —23.719 277.226 514.419 —82.919 —43.359 6.4414
200 119.052 —14.672 337.771 411.130 —73.872 —51.922 —5.7798
298.15 180.004 0.000 396.647 396.647 —59.200 —59.200 —10.5238
300 181.140 0.334 397.764 396.650 —58.866 —59.323 —10.5878
400 238.792 21.400 457.969 404.468 —37.800 —65.130 —13.2901
500 286.745 47.763 516.597 421.071 —11.437 —69.437 —15.0463
600 325.024 78.425 572.394 441.686 19.225 —72.580 —16.2820
700 355.512 112.508 624.873 464.147 53.308 —74.773 —17.1984
800 380.094 149.331 674.007 487.343 90.131 —76.155 —17.9029
900 400.197 188.378 719.975 510.665 129.178 —76.825 —18.4581
1000 416.840 229.256 763.028 533.772 170.056 —76.915 —18.9042
1100 430.753 271.655 803.429 556.469 212.455 —76.510 —19.2689
1200 442.478 315.333 841.426 578.648 256.133 —75.706 —19.5700
1300 452.425 360.092 877.247 600.253 300.892 —74.593 —19.8223
1400 460.917 405.770 911.094 621.258 346.570 —73.266 —20.0339
1500 468.206 452.235 943.149 641.658 393.035 —71.752 —20.2151
1600 474.496 499.378 973.572 661.460 440.178 —70.132 —20.3699
1700 479.952 547.107 1002.505 680.678 487.907 —68.453 —20.5028
1800 484.706 595.345 1030.076 699.329 536.145 —66.742 —20.6182
1900 488.870 644.028 1056.397 717.435 584.828 —65.038 —20.7189
2000 492.531 693.102 1081.568 735.017 633.902 —63.358 —20.8066
2100 495.765 742.520 1105.678 752.097 683.320 —61.726 —20.8848
2200 498.632 792.243 1128.809 768.698 733.043 —60.177 —20.9535
2300 501.185 842.236 1151.031 784.842 783.036 —58.696 —21.0149
2400 503.466 892.471 1172.410 800.548 833.271 —-57.311 —21.0703
2500 505.511 942.921 1193.005 815.837 883.721 —56.055 —21.1192
2600 507.350 993.566 1212.868 830.727 934.366 —54.890 —21.1636
2700 509.011 1044.385 1232.047 845.238 985.185 —53.860 —21.2044
2800 510.513 1095.363 1250.586 859.385 1036.163 —52.958 —21.2416
2900 511.877 1146.483 1268.525 873.186 1087.283 —52.190 —21.2749
3000 513.119 1197.734 1285.900 886.655 1138.534 —51.587 —21.3055
3100 514.252 1249.104 1302.744 899.807 1189.904 —51.090 —21.3351
3200 515.289 1300.581 1319.087 912.655 1241.381 —50.765 —21.3618
3300 516.239 1352.158 1334.958 925.213 1292.958 —50.587 —21.3867
3400 517.113 1403.827 1350.383 937.492 1344.627 —50.560 —21.4101
3500 517.918 1455.579 1365.384 949.505 1396.379 —50.706 —21.4327
3600 518.660 1507.408 1379.985 961.260 1448.208 —50.993 —21.4535
3700 519.347 1559.309 1394.205 972.770 1500.109 —51.456 —21.4738
3800 519.983 1611.276 1408.064 984.044 1552.076 —52.081 —21.4927
3900 520.574 1663.304 1421.578 995.090 1604.104 —52.866 —21.5115
4000 521.123 1715.389 1434.765 1005.918 1656.189 —53.844 —21.5289
4100 521.634 1767.527 1447.639 1016.535 1708.327 —54.960 —21.5468
4200 522.111 1819.715 1460.215 1026.950 1760.515 —56.260 —21.5637
4300 522.556 1871.948 1472.506 1037.169 1812.748 —57.745 —21.5797
4400 522.973 1924.225 1484.524 1047.200 1865.025 —59.440 —21.5953
4500 523.363 1976.542 1496.281 1057.050 1917.342 -61.272 -21.6114
4600 523.729 2028.897 1507.788 1066.724 1969.697 -63.271 —21.6270
4700 524.073 2081.287 1519.055 1076.228 2022.087 —65.431 —21.6426
4800 524.396 2133.711 1530.092 1085.569 2074.511 —67.758 —21.6584
4900 524.701 2186.166 1540.908 1094.752 2126.966 —70.250 —21.6740
5000 524.988 2238.650 1551.512 1103.782 2179.450 —73.027 —21.6886
5100 525.258 2291.163 1561.910 1112.663 2231.963 —75.831 —21.7049
5200 525.514 2343.702 1572.112 1121.401 2284.502 —78.878 —21.7200
5300 525.756 2396.265 1582.125 1129.999 2337.065 —82.097 —21.7352
5400 525.985 2448.852 1591.954 1138.463 2389.652 —85.484 —21.7506
5500 526.202 2501.462 1601.608 1146.797 2442.262 —89.038 —21.7659
5600 526.407 2554.092 1611.091 1155.003 2494.892 —92.761 —21.7813
5700 526.603 2606.743 1620.410 1163.087 2547.543 —96.647 —21.7969
5800 526.788 2659.412 1629.570 1171.051 2600.212 —100.695 —21.8125
5900 526.964 2712.100 1638.577 1178.899 2652.900 —104.903 —21.8281
6000 527.132 2764.805 1647.435 1186.634 2705.605 —109.264 —21.8439
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